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ABSTRACT 
Data in the present study came from two separate beef cattle breeding projects at Iowa State 
University. Data set-I included growth and carcass information of progeny in the small, 
medium, and large lines of synthetic cattle. Progeny were bom during the years 1978 
through 1990 at Rhodes and McNay research farms. Data were used to evaluate selection 
practices in the three synthetic lines, to evaluate effects of some crossbreeding parameters on 
carcass traits, and to estimate genetic parameters and genetic trends for carcass traits. Data 
set-II included carcass and serially measured live-animal traits collected over a 6-year period 
(1991 - 1996). Most of the data came from progeny of purebred Angus and Simmental sires 
with known expected progeny difference and synthetic females from a previous project. 
Data set-II was used to study effects of sex and breed on growth and composition of feedlot 
cattle and to determine the best strategy to adjust serially measured traits to a constant age 
end point. The overall mean generation interval was 4.11 years. When averaged by line, 
1.82, 1.47, and 1.28 generations of selection was made in the small, medium, and large lines, 
respectively. Mean actual sire index differentials per generation were, 1.28, -.47, and .84o 
for the small, medium, and large lines, respectively. There was a significant (P < .05) 
difference in direct additive effect between Jersey, Angus, and the Simmental breeds for 
most of the carcass traits considered. However, differences in breed maternal, average 
individual heterosis, and average maternal heterosis were not different from zero (P > .10). 
Heritability of hot carcass weight, dressing percentage, longissimus muscle area, fat 
thickness, and percentage of kidney, pelvic, and heart fat in the small line were, .30, .09, .21, 
.34, and .15, respectively. The respective values in the medium line were, .52, .35, .33, .29, 
and .07. Heritability values in the large line were in the order of .31,. 18,. 17, .31, and .18, 
vii 
respectively. Sire selection based on weaning indices showed a significaat (P < .05) genetic 
change for some of the carcass traits. It was concluded that index equations designed to 
improve beef carcasses need to incorporate carcass information in an index. Analysis of 
serially measured fat thickness, longissimus muscle area, body weight, hip height, and 
ultrasound percentage intramuscular fat showed a limitation in the use of growth models 
based on pooled data. Therefore, it was concluded that regression parameters from a within-
animal regression of a serially measured trait on age, averaged by sex and breed, are the best 
choice in describing growth and adjusting data to a constant age end point. 
I 
GENERAL INTRODUCTION 
Introduction 
Success in the present day beef operation depends on the ability to produce 
commercial calves desired by the feeder, the packer and ultimately by the retail consumer 
(DeRouen et al., 1992). This requires an informed choice of breeds and breed combinations 
as well as management considerations aimed at market demand. 
Breed differences for most bioeconomic traits are the result of cumulative genetic 
differences emanating from a long period of selection aimed at different objectives 
(Dickerson, 1969; Gregory et al., 1993), varying environments, and random drift (Dickerson 
1969). The range of breed differences is often comparable in magnitude to the range for 
breeding values of individuals within breeds. However, between breed differences could be 
more easily exploited than the within breed differences because the heritability of breed 
differences approaches 100% (Gregory et al., 1993). Genetic improvement through choice of 
replacement animals alone renders a very slow approach due to a low to moderate 
heritability, low reproductive rate, and a long generation interval. A more feasible approach 
could be to opt for breeds in a manner that allows effective use of breed differences in direct 
additive, maternal additive as well as individual and maternal heterosis effects. 
Composite cattle formation has been among the most discussed breeding strategies in 
the beef industry. It allows breeders to make use of the advantages of breed complementarity 
without the risks of genetic antagonism (Dickerson, 1969; Gregory et al., 1982; Gosey, 
1994). In addition, several authors (Cundiff et al., 1971; Dickerson, 1973; Gregory et al.. 
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1982) claim a high genetic response to selection in composite cattle based on a large 
expected genetic variability as well as a possibly high selection intensity resulting from 
increased reproduction. However, information on genetic parameter estimates and responses 
to selection in composite cattle are limited. The objectives of this study were: (a) to evaluate 
selection practices in three synthetic lines of beef cattle, (b) to evaluate effects of some 
crossbreeding parameters on carcass traits, (c) to estimate genetic parameters and genetic 
trends for carcass traits, and (d) to study effects of sex and breed on growth and composition 
of feedlot cattle and determine the best strategy to adjust serially measured traits to a constant 
age end point. 
Dissertation organization 
This dissertation consists of three papers written following the guidelines for 
publications in the Journal of Animal Science. In addition, a general introduction and a 
review of relevant literature are included. A list of references for sources cited in the general 
introduction and literature review chapters is given in the final references section. 
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LITERATURE REVIEW 
Selection experiments 
Selection criteria in most beef cattle experiments are limited to growth traits. Lack of 
own carcass information in seed stock cattle and the associated high cost of measuring these 
traits in related animals have limited the use of carcass traits in selection decision. 
Furthermore, the majority of the selection experiments in beef cattle are limited to few 
numbers of pure breed cattle; including Angus and Hereford (Table 1). A comprehensive 
review of selection experiments in beef cattle is found in Mrode (1988). In the present 
review, selection results from the last thirty years have been summarized. 
Generation interval 
Generation interval is often computed as the average age of parents when their 
progeny were bom. Mean generation interval values reported by several authors are given in 
Table I. The overall mean generation interval was 4.06 years, with ranges 2.5 (Mrode et al., 
1990) to 5.6 years (Aaron et al., 1986). Based on a review of several mass selection 
experiments, Mrode (1988) reported an overall mean generation interval of 4.36 years. 
Generation of selection refers to the number of attempts made to increase the 
frequency of desirable alleles affecting the primary traits (Irgang et al., 1985). Generation of 
selection is calculated according to Brinks et al. (1961). GC = l+[0.5 x (GCj + GCd)], where 
GC, GSs and GSj are generation coefficients of the calf, the sire and the dam, respectively. 
Generation coefficient of an individual animal is the average number of Mendelian 
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segregation in its pedigree back to the foundation parents and measures one more than the 
number of generations of selection (Buchannan et al., 1982; Frahm et al., 1985). The 
foundation parents are assigned a generation coefficient of zero. 
Nearly all results summarized in Table 1 came from short term experiments with a 
mean number of generation of 3.17, and ranging from 1.5 (Mrode et al., 1990) to 4.8 (Koch 
.et al., 1994) generations. Buchanan et al. (1982) reported 3.6 to 3.7 generations of selection 
for data collected over a 15 years period. For the same time period, Frahm et al. (1985) 
reported 3.2 generations of selection in Hereford cattle selected for weaning weight (WWT) 
and yearling weight (YWT). After a period of 16years, Aaron et al. (1986) reported 3.9 and 
3.7 generations of selection in Angus cattle selected for WWT and YWT, respectively. One 
common feature of all these experiments is that selection was made on both sexes. However, 
in a study conducted for over 12 years, Irgang et al. (1985) reported 2.0 and 1.9 generations 
of selection for WWT and post-weaning gain (PWG), respectively. In an experiment 
involving 8 years of sire selection in Hereford cattle, Mrode et al. (1990) reported 1.7 and 1.5 
generations of selection in lean growth rate and lean food conversion ratio lines, respectively. 
Selection differential 
In most selection experiments, actual and expected selection differential values, 
expressed in standard deviations (SD) units, are used to compare the amount of selection 
pressure applied. Actual and expected selection differentials are computed as deviations of 
selected individuals from their contemporary groups. The difference between the two values 
is that in the computation of actual selection differential, deviations of the selected parents 
Table 1. Means of some selection parameters in different experiments^ 
SELDIF PMAX 
Criteria'' Breed® DR L OS MP PSIRE PDAM MSIRE MDAM Source 
YWT SH 10 3.2 .33 68.6 31.4 - - Newman et al. (1973) 
WWT H 8 4.5 2.0 .19 79 21 77 52 Kochetal. (1974) 
YWT H 8 4.5 1.8 .21 88 12 94 50 
YWT + MS H 8 4.5 1.9 .18 84 16 97 71 
PWG H 20 4.7 3.2 .22 83 17 92 60 Chevaraux and Baily (1977) 
WWT H 15 4.3 3.7 .23 79 21 86 66 Bucannan et al. (1982) 
YWT H 15 4.4 3.6 .24 84 16 95 62 
YWT + MS H 15 4.4 3.7 .21 81 19 93 74 
YWT H 15 4.7 3.2 .21 70 30 88 79 Frahm etal. (1985) 
WWT H 15 4.7 3.1 .23 76 24 100 67 
WWT H 12 3.8 2.0 .19 - - 88 - Irgangetal. (1985) 
PWG H 3.9 1.9 .14 - - 89 -
YI A 9 3.8 2.1 .28 - - 86 - Nicoll and Johnson (1986) 
WWT A 16 4.1 3.9 .23 67 33 94 81 Aaron et al. (1986) 
WWTd A 17 5.6 2.7 - - - - -
YWT 16 4.7 3.7 .21 76 24 100 64 
LGR H 8 2.5 1.7 .29 67 33 96 Mrode et al. (1990) 
LFCR H 2.5 1.5 -.21 65 35 89 
13in WT A 15 3.2 4.9 .33 - - - - Baker at al. (1991) 
18m WT A 15 4.4 3.8 .16 - - - -
13m WT H 15 3.3 4.6 .26 - - - -
WWT H 23 4.2 4.8 .24 84.5 15.5 88 55 Koch et al. (1994) 
YWT H 23 4.2 4.7 .24 88.7 11.3 88 42 
YWT + MS H 23 4.2 4.6 .21 86.1 13.9 87 51 
® SELDIF = selection differential; PMAX. = percentage of maximum selection differential attained; 
DR = duration of experiment, years; L = generation interval, years; GS = generations of selection; 
MP = mid-parent selection differential, SD; PSIRE = percentage of selection pressure through sires; 
PDAM = percentage of selection pressure through dams; MSIRE = percentage of maximum potential sire selection 
attained; MDAM = percentage of maximum potential dam selection attained. ''YWT = yearling weight, 
WWT = weaning weight; MS = marbling scores; PWG = post-weaning gain; YI = yearling index; LGR = lean growth 
rate; LFCR = lean feed conversion ratio; 13m WT = 13 months weight; 18m WT = 18 months weight; 
®SH= short horn; A = Angus; H= Hereford. ''Own performance and progeny information were used. 
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are weighted by the number of progeny. Selection differential values could be calculated for 
each parent separately or could be averaged to provide mid-parental values. 
Mid-parent selection differential values are shown in Table 1. The overall mean 
mid-parent selection differential for growth traits was, .22 SD/year, with a range (in absolute 
values), of .16 to .33 SD/year. In all these reports sires were the major sources of selection, 
accounting to 78% of the total selection pressure. Mrode (1988) concluded that most single 
trait mass selection experiments apply a mean selection pressure of .2 SD/year, and that sire 
selection often account to 75 to 85% of the total intensity. 
Weighting the selection differential by the number of progeny partly accounts for 
effects of natural selection. Therefore, the ratio of expected to the actual selection 
differential can be used to assess effects of natural selection (Falconer, 1981). Ratios shown 
in the reports of Irgang et al. (1985) indicated no apparent effects of natural selection against 
WWT and PWG. Out of the 12 ratios computed by line and sex classes, eight of tliem were 
equal to or greater than one. Hence, the authors concluded that natural selection has no 
antagonistic effects on both WWT and PWG. However, Koch et al. (1994) showed an 
apparent influence of natural selection in females in first and subsequent matings. The ratio 
of weighted to actual selection differential ranged from .99 to 1.05, and from 1.3 to 1.5 for 
sires and dams, respectively, suggesting large progeny numbers for dams with high selection 
differentials. Furthermore, they indicated that individual deviation of pregnant heifers for 
YWT was .28 SD greater than those non-pregnant heifers. 
Comparison of actual selection differentials to maximum potential selection 
differentials provides an additional tool to evaluate effectiveness of selection experiments. 
This measure provides information on the actual selection pressure applied and the maximum 
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pressure that could have been attained had best ranking animals for the primary trait been 
selected. In most selection experiments individuals with the best rank for the selection 
criteria may not be selected due to several reasons. These include, serious unsoundness, 
injury, reproductive failure, computational error while adjusting data, and measures to avoid 
inbreeding (Nicoll and Johnson, 1986; Aaron et al., 1986; Frahm et al., 1985; Kock et al., 
1994). Based on the information provided in Tablel, about 79% of the maximum potential 
selection differential was attained. The mean for sires was 91%, with values ranging from 
77% (Koch et al., 1974) to a maximiun of 100% (Frahm et al., 1985). A much lesser mean of 
62% was achieved in dams. Based on information from 23 experiments, Mrode (1988) 
reported an overall mean of 80%. Mean values for sires and dams ranged from 90 to 100% 
and from 50 to 74%, respectively. 
Secondary selection differential 
The above discussions were limited to selection pressure applied to the primary 
selection criteria. Despite the intention to select for one or two traits, selection impacts 
several economic traits due to the underlying genetic association. Hence, observed selection 
differential values are functions of multiple trait selection actually practiced (Buchannan et 
al., 1982), and selection made at any stage in life causes a permanent directional change in 
other traits later in life. A very conunon example in this regard is secondary selection 
differentials associated with weaning and yearling weight selection reported in Koch et al. 
(1974,1994), Buchannan et al. (1982), and Frahm et al. (1985). In the reports of Koch et al. 
(1974), correlated selection differential for YWT in the WWT line was 92.5% of the mid-
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parent selection differential for WWT. Mean mid-parent selection differential for WWT in 
the YWT was similarly 67.5 % of the pressixre applied on primary trait (YWT). According to 
Aaron et al. (1986), selection pressure applied on YWT in WWT line amounted to 69.2% of 
the pressure for WWT. For WWT in YWT line, the authors reported 74% of the selection 
pressure for YWT. Similar trends have been reported in Buchannan et al. (1982), Frahm et 
al. (1985), and Koch et al. (1994), However, thus far no mention has been made regarding 
correlated selection pressure on carcass traits due to selection for other economic traits. 
Correlated genetic response 
Based on the underlying genetic association between growth and carcass traits, 
selection applied on growth traits is expected to result in a permanent genetic change on 
carcass traits. Selection for early maturing and slow growing cattle leads to carcasses with 
low percentage of retail product (PRP) and excess fat trim. On the other hand , selection for 
faster growing cattle is expected to lead to production of carcasses with less fat and better 
cutability. 
However, based on reported results in several experiments, Mrode (1988) found an 
absence of important correlated response in carcass traits due to selection on growth traits. 
Koch et al. (1978) reported expected genetic changes of .23, .08 and .20 SD for carcass 
weight (CWT), longissimus muscle area (LMA) and 12th - 13th rib carcass fat thickness 
(FTK), respectively, per SD of selection for WWT. In addition, a 20-year study of selection 
for growth traits in Angus and Hereford catde has caused no apparent permanent change in 
composition or marbling at an age constant basis (Koch et al., 1995). These results have a 
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critical implication in our endeavor to produce consistent and quality beef. Although 
selection for fast growing animal is expected to have some beneficial genetic bearing on 
carcass traits, such practice may not yield a measiirable result in terms of producing a leaner 
and consistent end product. Therefore, selection experiments intended to improve carcass 
quality traits may need to consider carcass information in selection decisions. 
Crossbreeding studies 
Crossbreeding has been a tradition in the beef industry for many years and today it 
has changed dramatically from the early 1970's by becoming more thoughtful, purposeful, 
objective and mature (BCress, 1994). Crossbreeding in beef cattle is carried out for several 
reasons. The basic objectives, according to Wiliham (1970), Gregory et al.(1982) and Kress 
(1994) are to utilize advantages of heterosis and to use breed differences in additive genetic 
merit for specific characters to synchronize more genetic resources. 
A comprehensive model for efficient utilization of breeds in a crossbreeding program 
may include, heterosis in the individual (h'), maternal (h*^), and paternal (h"^ performance; 
differences in direct (g'), maternal (g") and paternal (g") performances of pure breeds, and 
recombination in gametes produced by crossbred parents (Dickerson, 1969, 1973). Several 
approaches have been used to the analysis of crossbreeding data. Data from well-designed 
matings have been used to estimate crossbreeding parameters by equating linear contrasts of 
means to their expectations. A simplified approach to the evaluation of crossbreeding data is 
the use multiple regression procedures to partition crossbreed group effects into average g', 
g", h', and h" effects (Dillard et al., 1980). As explained in Robinson et al. (1981), 
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regression procedures provide results identical to solving a system of equations involving 
breed group contrasts (weighted) equated to their genetic expectation. 
Breed direct additive effects 
Carcass weight and dressing percentage. Studies involving Jersey and their crosses 
(Koch et a!., 1976, 1983; Cundiff et al., 1988) have shown a sub-optimal performance of the 
breed for weight related carcass traits. However, larger dairy breed like Brown Swiss often 
showed heavier carcasses per day of age than Hereford and Angus (Berg, 1969; Urick et al., 
1974; Koch et al., 1979). In a study involving Holsteins and their crosses, CWT and CWT 
per day of age increased with increasing levels of Holstein breeding (Lusby et al., 1975; 
Wyatt et al., 1977). At an age constant basis, Holsteins have also exhibited a higher CWT 
than Angus (Wellington, 1971) and Hereford-Angus crosses (Young et al., 1978). 
A more comprehensive evaluation of dairy and beef crossbreeding data is found in 
Bertrand (1981). In this experiment, Holstein and Brown Swiss showed heavier (P < .05) 
CWT, adjusted CWT, CWT per day of age than Angus and Hereford. Although the beef 
breeds were able to dress higher, Holstein and Brown Swiss showed the ability to grow and 
produce carcasses with less external fat. 
When data from 537 steer carcasses in a four-breed diallel cross were analyzed at age 
constant basis, breed transmitted effects of Brown Swiss (gLs) on carcass traits differed 
(P<.05 ) from that of Red Poll, ( gjy,), Hereford ( g|,) and Angus (g\). In this comparison 
g'^ ranked the lowest (-20.6 kg) and g'^ tended to be intermediate (6.2 kg) (Gregory et al.. 
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1978). When expressed as a deviation from g'^, the g'„, g'^, and g'„ values were, -26.8 kg, 
10.6 kg and 8.6 kg, respectively. 
Similarly, Koch et al. (1983) reported an important average breed transmitted 
effect on CWT. At an age constant basis the mean direct breed effect, expressed as a 
deviation from mean g'^ and g'„ were, 2.4, -2.4, -47.5,14.9,11.9,35.1 kg for g'^, g'„, Jersey 
(gJ), South Devon (g^j,), Limousine (g[^), Simmental (g,), and Charolais (gj.), 
respectively. DeRouen et al. (1992) and Gregory et al. (1994) have reported important direct 
breed effects on CWT and dressing percentage (DP). 
Fat thickness and marbling scores. In contrast to the relatively heavier carcasses, 
Holsteins and Brown Swiss often demonstrated low FTK measures (Cole et al., 1963; 
Lohman, 1971,Abraham et al., 1967). At an age constant basis, g', showed the highest (P < 
.05) effect on adjusted fat thickness followed by gl,. However, g'^ was negative and ranked 
the least (Gregory et al., 1978). Furthermore, analysis of data on weight constant basis made 
no difference on the sign and level of significance. The mean values for g'^^, g'^., g', and 
g'l were, -.18, -.53, .30 and .40, cm, respectively. A positive effect on fat thickness, as 
influenced by Angus and Hereford were reported elsewhere (Alenda et al., 1980; Peacock et 
al., 1983; Neville et al., 1984; Comerford et al., 1988; De Roune et al., 1992). 
Generally, Angus cattle ranked the highest in their ability to marble and grade 
(Demond et al., 1960; Jeremiah et al., 1970; Freedeen at al., 1972; Urick et al., 1974). In 
most experiments involving dairy and beef crossbreeding, Holstein demonstrated a lower 
marbling scores and quality grade than Angus and Hereford (Branaman et al., 1962; Cole et 
al., 1963; Young et al., 1978). In some instances (Bertrand, 1981), where the feeding period 
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is extended as long as 13.5 months, the difference between Holstein and Hereford was not 
important. Similarly, in the reports of Gregory et al. (1978), mean values of^^, g'^, g', 
and g'^ for marbling score were, -0.2, -0.8 -1.5 and 2.6, respectively. DeRouen et al. (1992) 
reported a higher (P < .05) marbling score for Angus and Hereford than Charolais. Estimates 
were positive for g'^ (0.73) andg', (0.18) and negative for gi(-0.77) and g'^ (-0.14). 
However, only g'^ and g', were different from zero (P<.01). 
Longissimus muscle area. At an age constant basis, Gregory et al. (1978) reported a higher 
g'^ (11.8 cm^) as compared to g'^ (-4.4 cm^), g'„ (-5.5 cm^) and g[ (-1.7 cm^). When data 
were adjusted for weight differences, g'^ remained higher and significant (P<.05), and 
despite lack of significant difference between breeds, re-ranking was noticed between g\ and 
g'^,. Although some reports indicate a larger LMA in Holstein than Hereford (Dean et al., 
1976), other results seem inconsistent, as values ranged from a better performance of 
Hereford and Angus than Holsteins (Cole et al., 1963; Martin and Wilson, 1974) to lack of 
significant differences (Lusby et al., 1975; Wyatt et al., 1977). 
In another report (Alenda et al., 1980), g^. was 26 % greater (P<.01) than either g'^ (-
5.7) and gj^ (-6.8). Larger LMA for Charolais was similarly reported by Damon et al. 
(1960), Kolesterman et al. (1968) and Urick et al. (1974). Adjustment of data to a constant 
weight showed no change in the level of significance and breed ranking. To the contrary, 
DeRouen et al. (1992) reported mean g'c, g!, , g',, and g'„ values in the order of -3, 8.5,16 , 
and -4.5 cm^. 
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Breed maternal additive effects 
It is only in few instances that average breed maternal effect demonstrated an 
important influence on carcass traits (Alenda et al., 1980; Comerford et al., 1988; DeRouen 
et al., 1992). Also, results from several other reports (Gregory et al., 1978; Koch et al., 
1983; Neville et al., 1984; Comerford et al., 1988) tend to lead to a more general conclusion 
that differences in mean breed maternal additive effects play a minimal role in the choice of 
breeds for carcass traits. 
For instance, mean maternal effects of Angus (g)^), Charolais (g") and Hereford 
(g"), demonstrated an important effect on LMA and FTK (Alenda et al., 1980). Total 
matemal effect of Charolais for FTK and LMA were 0.17 and -3.8 cm^, respectively, and 
differed (P < .05) from the total matemal effect of both Hereford and Angus. Total matemal 
effect in this report was computed from the sum of matemal and grand matemal effects. 
Gregory et al. (1978) observed high matemal effects of Red Poll (g^) and Brown 
Swiss (ggj), on carcass traits associated with weight. In the reports of Comerford et al. 
(1988) only g" was important for CWT, FTK, dressing percentage (DP), kidney, pelvic, and 
heart fat (KPH). 
The importance of breed matemal effect for weight-related carcass traits were 
reported by DeRouen et al. (1992). Mean g" and g" effects were important (P < .01) for 
CWT and retail yield. The effects of these two breeds on CWT was similar in magnitude but 
in the opposite direction; 16.7 kg for g" and -16.5 kg for g". Mean g" and g" values for 
retail yield were also the same magnitude but differed in direction, 6.6 kg ( g") and -7.0 kg 
(g"), respectively. For FTK, g" was .16 cm and was higher (P<.05) than g"(0.02), g" 
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(-0,08) and g"(-.10), respectively. However, maternal additive effects for LMA, marbling 
scores, Wamer-Bratzler shear, were not important. 
Effects of heterosis on carcass traits 
Two genetic requirements should be fulfilled for heterosis to exist; there must be 
genetic diversity between the breeds crossed and there must be some non-additive genetic 
effects for traits involved (Willham, 1970; Gosey, 1994). 
As noted by Bowman(1959), the major theoretical explanations to heterosis effects 
may include, dominance, overdominance, and the epistasis theories. However, these 
theories are not mutually exclusive in as far as the heterosis observed in any particular cross 
could be due to a combination of several of these explanations (Bowman, 1959; Sheridan, 
1981; Cuimigham, 1982). 
In the formation of composite cattle it is not only the amoimt of initial heterosis that 
counts, perhaps its retention in the subsequent matings is equally critical. The retention of 
initial heterosis after crossing and subsequent random mating within crosses is proportional 
to (n-l)/n, where n is the number of breeds involved in the cross (Wright, 1922; Dickerson, 
1969,1973). This expression is made based on the assumption that breeds in the foundation 
stock contribute equally to composite cattle formation. When unequal contribution of breeds 
prevails, percentage of mean Fl heterozygosity retained is proportional to i-Sp? , where Pj 
iai 
is the fraction of the i"' breed, and n refers to the number of breeds used in the pedigree of 
composite breeds (Dickerson, 1973). The loss of heterozygosity occurs between Fj and F2. 
16 
Measures to avoid inbreeding help stop further loss of heterozygosity in a random mating 
population (Wright, 1922; Dickerson, 1973). 
Average individual heterosis. In an experiment involving Hereford, Angus, 
Shorthorn and six reciprocal crosses, Gregory et al. (1966) found an important (P < .01) 
heterosis effect on carcass traits associated with weight. However, such differences were of 
minor significance when data were adjusted for weight differences. The authors concluded 
that the effect of heterosis on carcass traits on age adjusted data is the result of a strong effect 
of heterosis on growth rate. Also, studies by Kolesterman et al.(1968), Hendrick et al. 
(1970), Urick et al. (1974), Long and Gregory (1975), and Koch et al. (1976) led to a similar 
conclusion regarding the effects of heterosis on weight-related carcass traits. 
Gregory et al. (1978) computed mean individual heterosis as a deviation of all 
crossbred means from their purebred parents. Important differences were observed for CWT 
(9 kg), adjusted fat thickness (.1 cm), and retail product weight (4 kg). However, mean direct 
heterosis effect was not important when data were adjusted to a constant CWT. For some of 
the specific crosses (Brown Swiss X Hereford), mean direct heterosis was important for 
adjusted fat thickness (-.19 cm), percent estimated retail product (1.6%), estimated retail 
product weight (4.6 kg), estimated fat trim (-2.6 kg) and bone (-.7 kg). 
Comerford et al.(1988) reported important heterosis influences on CWT. Values 
were positive (P<.01) for all Brahman crosses and for Simmental x Polled Hereford (P<.05). 
Average individual heterosis in this study was greater than those reported by Gregory et al 
(1978) and Hendrick et al. (1975). 
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DeRouen et al. (1992) reported large (P < ,05) and positive direct heterotic effects for 
CWT and retail yield. For some breed combinations heterosis effect was important (p < .05) 
for LMA. Direct heterosis effect for Brahman crosses was the largest among the breed 
combination evaluated, ranging from 39.4 to 59.6 kg for CWT, 18.5 to 27.4 kg for retail yield 
and 4.0 to 5.8 cm^ for LMA. Direct heterosis effect for Brahman crosses was positive 
(P<.05) for fat thickness. Breed combinations involving Brahman had a negative (p < .05) 
mean direct heterosis ranging from -1,05 to -2.16 kg for Wamer-Bratzler Shear, whereas 
heterotic effects for Charolais x Hereford, Angus x Charolais and Angus x Hereford were 
near zero. 
Average maternal heterosis. In crosses involving Angus, Hereford and Shorthorns, 
Olson et al, (1978) reported heavier CWT (P < .05) for progeny of crossbred dams. Further 
more, steer carcasses from progeny of crossbred dams also tended to have higher KPH. 
However, none of the differences in marbling scores, quality grade, FTK, and LMA, DP and 
culability were important. 
Alenda et al. (1980) reported a negative (P< .10) average maternal heterosis in 
specific crosses of Angus x Hereford (-2.7 cm^), and Charolais x Hereford (-3.3 cm^). 
Adjustment of data to a constant weight did not significantly affect the sign and the 
magnitude of heterosis. 
Peacock et al. (1982) reported positive maternal heterosis (P < .05) for cold CWT and 
FTK measurements. Mean heterosis for Angus x Brahman and Angus x Charolais dams 
were 17.0 kg and 8.6 kg, respectively. However, this was attributed to effects of maternal 
heterosis for pre-weaning growth, which was maintained during the feeding period and 
reflected in heavier CWT. The same authors found a positive maternal heterosis for FTK and 
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only in Angus x Brahman crosses was the effect different from zero (P < .01). Important 
mean and specific heterosis effects were reported for CWT (Koch et al.,1983; Neville et 
al.,1984; DeRouen et al. 1992), retail yield (Koch et al.,1983; DeRouen et al. 1992), and 
LMA (DeRouen et al., 1992), 
Ultrasound data 
Accuracy of measures 
Although ultrasoimd technology has gained a remarkable acceptance in recent years, 
reports on the use of the technology in the livestock industry dates back to the early fifties 
(Wild, 1950). With the advent of improved real-time ultrasound equipment such as the 
Aloka 500, ultrasound imaging may prove valuable in evaluating carcass merit in live beef 
cattle. In feedlot operations, the technique provides an accurate estimate of FTK and LMA, 
which aids in sorting cattle into more uniform feeding and slaughter groups (Houghton, 
1988; Houghton and Turlington, 1992). 
Accuracy of ultrasound prediction varies with the type of instrument (Perkins et al. 
1992b; Herring et al. 1994), the skill of technicians collecting and interpreting images 
(McLaren et al., 1991; Perkins et al., 1992b), as well as with the species of animal (McLaren 
etal., 1991). 
In the ultrasovmd measurement of FTK and LMA, errors may be introduced during 
acquisition of images and interpretation of the captured images. Wallace and Stouffer (1974) 
found an important difference between operators of captured images. McLaren et al. (1991) 
reported significant variability among operators for operator-interpreted scans of LMA and 
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concluded that interpretation of scanned images is more important than the skill of an 
operator obtaining images. Waldner et al. (1992), on the other hand, reported that the level 
of operator skill did not improve the accuracy of FTK and LMA estimates. Perkins et al. 
(1992b) claimed equal variability for image capture and interpretation. The report of Herring 
et al. (1994) showed no significant contribution of interpreter to LMA accuracy and found 
few discrepancies among technicians and interpreters for FTK measurements. One major 
difference between these two groups of results is that the report of McLaren et al. (1991) 
involved operators with diverse levels of experience, whereas, Perkins et al. (1992b), 
Waldner et al. (1992), and Herring et al. (1994) compared technicians, of which, most had 
more experience. 
There is a general consensus among researchers that the amount of error introduced in 
measuring FTK and LMA is related to the size of the respective traits. Smith et al. (1992) 
showed that LMA is generally over-predicted if LMA is less than 71 cm^ and under-
predicted when LMA is greater than 84 cm^. They also reported that FTK is underestimated 
in fatter steers. Robinson et al. (1992) and Herring et al. (1994) have reported a similar 
general trend. Although Waldner et al. (1992) showed a similar trend with regard to 
estimation of FTK measurements, contrary to the above general conclusions, they indicated 
that bulls with LMA < 70 cm^ were underestimated and those with LMA > 85 cm^ were 
overestimated. 
Ultrasound data have been rigorously evaluated for the repeatability of FTK and 
LMA measxires. Hassen et al. (1998) reported pooled repeatability values ranging from .42 
for LMA to .92 for FTK measurements. Repeatability of ultrasound fat thickness (UFAT) 
interpreted by two technicians over a two day period ranged from .96 (technician B) to .97 
(technician A). However, repeatability values of ultrasound longissimus muscle area 
(ULMA) measurements showed a major difference between technician ranging from .79 
(technician B) to .92 (technician A). Based on steers of diverse breeds, Perkins et al. (1992b) 
reported UFAT repeatability ranging from .88 (technician-1) to .93 (technician-2). 
Repeatability of ULMA measurements were the same at .81; however, these authors reported 
a higher across-technician repeatability for ULMA (.8) than found in reports of Hassen et al. 
(1998). Repeatability of UFAT in the above two reports closely agrees with 0.98 measured 
on Aloka210 B-mode system (Brethour, 1992). 
There have been few published reports on the application of the technology in 
measuring intramuscular fat (IMF) and these reports mainly deal with the development of 
prediction models (Park et al., 1994a,b; Izquierdo, 1996). Herring et al. (1998) provided a 
comprehensive report on the current status of the technology in predicting IMF in beef cattle. 
In this report four commercial systems were included. These were: Animal Ultrasound 
Services, Inc., Ithaca, NY; CPEC, Oakely, KS (developed by Kansas State University); 
Critical Visions Inc. (CVI), Atlanta, Ga (developed by Iowa State University); Classic 
Ultrasound Equipment, Tequesta, FL. In this study CPEC and CVI systems were ranked 
equally best for predicting IMF in finished steers. 
Hassen et al. (1999b) reported an overall repeatability (t) of .63 ± .03 for ultrasound 
predicted intramuscular fat (UPIMF) meastires on bulls, heifers, and steers. For each image, 
IPIMF values were determined based on regions-of-interest box placed at two positions. 
These were, between 12th and 13 th rib, and the best position; a position within an image with 
the most uniform texture. Differences in the repeatability values between machines and 
between regions of interest box positions were not different from zero (P > .05). Steer 
21 
ultrasound-predicted percentage intramuscular fat measures were more repeatable (t = .73) 
than those of bulls (t = .59) and heifers (t = .52). The difference in repeatability between bull 
and heifer measures was not important (P > .05). Animals with mean ultrasoimd-predicted 
percentage intramuscular fat less than 4.79% had less repeatable measures (t = .26) than 
those with means above 4.79% (t = .46). 
Adjusting ultrasound and live-animal data 
One of the major challenges in genetic evaluation of seed stock cattle has been the 
issue of correct ranking of animals based on available information. In this regard, the issue 
of adjusting field data to a common end point has remained a major concern for many 
decades. Several workers have suggested adjustment of data to a common age, weight (WT), 
and FTK or a combination of these end points. However, nearly all these recommendations 
were made based on slaughter data on finished animals. 
Ultrasound technology provides a boundless opportunity to study growth and 
composition in beef cattle. However, before the technology is applied to the national cattle 
evaluation system, accurate and fair adjustment procedures need to be worked out. These 
adjustment procedures should allow a valid comparison of animals so that breeders could 
make a sound selection decision to meet specific breeding objectives. This could be 
achieved through a clear understanding of lean and fat growth in bulls, heifers, and steers in 
various breeds of cattle. Thus far, however, reports on this topic are limited, not only in 
number, but also in scope, as they involve a single sex (Duello, 1993; Hamlin et al., 1995). 
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Based on data from 385 yearling Hereford bulls, Turner et al. (1990) have suggested 
the need for adjusting ultrasound data. In this study data came from a single scan per animal 
and data were analyzed using a sire model with a linear effect of age included as a covariate 
(model-1). In a separate evaluation (model-II), the linear and quadratic effects of age, WT, 
andUFAT were included. Traits evaluated were, ULMA, ULMACWT (100*ULMA/WT), 
and 365-d adjusted ULMA. The authors concluded that ULMA measvu-es should be adjusted 
for the linear effects of age and WT, and the linear and quadratic effects of UFAT before data 
are used for selection. 
In a similar type of study Arnold et al. (1991) underlined the need for adjusting 
ultrasound data for age and WT effects. Data in this study were derived from a single scan 
and the linear effects of age and weight were included as covariates. The authors found a 
similar heritability estimate for ULMA and UFAT regardless of the end point used. 
Heritabiliy of ULMA for data adjusted to a constant age was .28 compared to .25 for WT 
adjusted data. For UFAT, heritability estimate remained the same at .26 for both end points. 
However, the genetic correlation between the two traits was larger (r = .48) when data were 
adjusted forage than for WT (.39). 
In the above mentioned studies suggestions on adjustment of ultrasound data were 
made based on limited information as data were generated from a single scan. However, a 
better evaluation of alternative data adjustment strategies could be made through repeated 
measvirements of cattle at some specified intervals. For instance, Hamlin et al. (1995) 
evaluated serial measures of UFTK and ULMA on 180 feedlot steers. Animals in this study 
were scanned at two 60-d intervals and were slaughtered in four groups of 45 at 21-day 
intervals, with ultrasonic measures taken at each interval. Analysis of variance procedure by 
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scan sessions showed an important (P < .01) effect of age and WT effects on UFAT and 
ULMA for most of the sessions. Also, important sire breed effects were observed for all 
UFAT estimates and early ULMA predictions. In further evaluations of data pooled across 
sire breeds, the quadratic effects of age and WT accounted for a large proportion of the 
variation in UFAT (.46 to .47) and ULMA (.68 to .72). However, the WT and age 
relationships with predicted UFAT and ULMA were not the same for different biological 
types. Therefore, the authors indicated the need to standardized data for age and WT or a 
combination of both to make valid genetic evaluation. Furthermore, they concluded that 
growth curves of breeds or biological types need to be looked at separately so that different 
adjustment factors could be developed. 
Duello (1993) argued that growth curves created from pooled data misinterpreted 
actual changes in growth and composition. In this report the author evaluated individual 
animal growth curves in addition to data pooled within breed. Data in this study were from 
progeny of Angus and Simmental bulls measured at 30-d interval for WT, hip height (HT), 
UFAT and ULMA. Bull progeny were fed moderate energy diet and 4 measurements per 
bull were made during the last 80 to 100 days on test. Mean age at first scan was 274.6 days. 
The linear and quadratic effects of age were used in the initial evaluation followed by fitting 
only of the linear effects of age. The author concluded that, mean individual animal linear 
and quadratic curves accurately describe actual compositional changes. 
Analysis of serially measured UFAT, ULMA, WT, HT, and UPIMF using repeated 
measures model showed a limitation in the use of grov\rth models based on pooled data 
(Hassen et al., 1999a). Data in the study came from bulls, steers and heifer progeny of 
composite, Angus and Simmental sires mated to three composite lines of dams. Each year. 
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animals were scanned three to four times and were serially slaughtered. Ultrasound and live 
animal traits were regressed on age of animals in days. Analysis of data pooled across years, 
breed of sire and sexes showed important (P <. 05) animal*ageiinear and animal^agequadratic 
interactions. The interaction terms suggest that the effects of age on the growth of these 
traits vary with individual animal, and hence, growth in these traits may not be adequately 
represented by a single equation generated from pooled data. In addition, use of a repeated 
measures model on data pooled within sex (bulls, heifers, steers) also showed important 
interaction. Therefore, the authors concluded that regression of serially measured traits on 
age within animal might provide a better representation of mean growth. 
From the above discussion it is clear that age and WT effects account for an 
important proportion of the variation in ultrasound and live animal measures. Furthermore, 
there is a general consensus that such adjustments need to be done within breed and sex 
classes. However, further study on the effects of adjusting data to common end points 
including age, WT, FTK and any other combination need to consider individual animal 
growth curves measured for a reasonable time period. 
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SELECTION PRACTICES IN THREE SYNTHETIC LINES OF BEEF CATTLE: 
I. AMOUNT OF SELECTION APPLIED' 
A paper to be submitted to the Journal of Animal Science 
A. Hassen and R. L. Willham^ 
ABSTRACT 
Data from 3126,2774 and 2191 progeny in the small, medium, and the large lines, 
respectively, were used to evaluate selection practices. The three synthetic lines were formed 
from crossbred foundation cows mated to purebred Jersey, Angus, and Simmental sires. 
Index equations were used to increase general size in the large, decrease it in the small, and 
hold the medium synthetics as a control. The three lines were replicated at two different 
farms located in central (Rhodes) and southern (McNay) Iowa. Initial grouping of foimdation 
cows and subsequent mating with sires selected within breed produced a significant 
difference (P < .01) in progeny performance. The within breed selection of sures for size 
contributed 47.2 and 52.3% of the line differences in weight and height traits, respectively. 
The overall mean generation interval was 4.11 years. When averaged by line, 1.82, 1.47, and 
1.28 generations of selection were accomplished in the small, medium, and large lines, 
respectively. At McNay, the mean acmal sire index differentials per generation were, 1.27, -
.36 and .75<t for the small, medium and large lines, respectively. The corresponding values 
' Jouraal paper No. of the Iowa Agric. and Home Economics Exp. Sta., Ames. Project No 
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at Rhodes were, 1.28, -.57 and .92<t, respectively. Mean actual sire differential values 
amounted to 34% to 100% of the maximum potential index differential. Generally, the 
variation between and within breeds of cattle was used to create three lines of beef cattle to 
be tested under two different management systems. However, selection for weaning weight 
was more effective than for weaning hip height. 
Key Words: Beef Cattle, Synthetic Breeds, Selection, Growth traits. Index. 
Introduction 
The existing variation for most economic traits in beef cattle is under high genetic 
control. This high genetic variability between and within breeds of cattle (Gregory et al., 
1982) could be used to create cattle of different general size and breed composition to be 
tested under varying production conditions 
Composite cattle formation is among the most discussed breeding strategies in the 
beef industry. It allows breeders utilize the advantages of heterosis and breed 
complementarily without the risks of genetic antagonism (Dickerson, 1969; Gregory et al., 
1982; Gosey, 1994). Furthermore, several authors (Cundiff et al., 1971; Dickerson, 1973; 
Gregory et al., 1982) claimed a better genetic response to selection in composite cattle than 
their purebred parents. This was attributed to a high expected genetic variability in composite 
cattle and a possibly high selection intensity due to increased reproduction. However, 
information on genetic parameters and selection practices in composite catde are limited. 
Therefore, the objective of this study was to evaluate selection practices m three synthetic 
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lines of beef cattle at Iowa State University beef breeding herd. Generation interval, 
selection differential, and index weights in retrospect are discussed. 
Materials and Methods 
Source of data 
Data used in the study came from the beef systems research project at Iowa State 
University, which contributed to the North Central region beef cattle breeding project (NC-
1). A detailed description of the breeding herd and management practices is given elsewhere 
(Willhamet al., 1979,1980,1981; Middlton, 1981). The objectives of this project were: 
(a) to produce three lines of synthetic cattle that differ in general (mature) size for use in beef 
systems research, (b) to evaluate size x management interactions found in the conduct of 
system research, and (c) to study the results of selection for mature size in both the negative 
and positive directions. 
The foundation dam population consisted of450 spring- and 260 fall- calving 
crossbred cows from a previous dairy x beef crossbreeding experiment and contained 
different levels of Jersey, Angiis, Sunmental, Hereford, Holstein, Brown Swiss, Charolais 
and other breeding. Northcut (1990), rated dam composition at 75% and 72% beef for the 
Rhodes and McNay herds, respectively. 
At the beginning of the project foundation cows were assigned to three size groups 
(small, medium and large) based on their hip height and weight within breed and age 
combinations. Five small and three large Jersey bulls were selected and used artificially for 
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the first two years in the development of the small and medium size synthetics. Five Angus 
bulls, each of small, raediiun, and large general sizes were selected and used artificially in the 
development of each synthetic. Three small and five large Simmental bulls were used 
artificially for the first two years in the development of the medium and large synthetics. In 
all lines subsequent generation calves were produced from matings of crossbred parents of 
the same generation within size line. Classification of dams into size classes and assignment 
of specific sizes of sires within breed to the respective groups was done to enhance initial size 
differences between lines so that effect of frame size, management, and their interaction 
could be evaluated in the earlier years of the study. However, starting in the spring of 1980, 
the remaining foundation dams, including 227 spring cows at Rhodes and 315 fall cows at 
McNay were mated to all the seven sire breed-size groups. This was done to separate major 
causes of size differences in the three synthetics. 
In terms of breed composition, mating was designed to produce synthetic cattle 
definable by the percentages of Jersey, Angus and Simmental breeding. Purebred sire 
contribution to the synthetic lines in the respective lines was as follows: 
Small: 1/4 Jersey, 1/4 Angus, 
Medium : 1/8 Jersey, 1/4 Angus and 1/8 Simmental, 
Large: 1/4 Angus, 1/4 Simmental, 
The remaining half was contributed by the foundation dams, which depended on their 
breed composition. 
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Herd management 
A detailed description of the breeding herd and management practices is given 
elsewhere (Willham et al., 1979, 1980, 1981; Middlton, 1981). The three synthetic lines 
were replicated at the two Iowa State University beef research farms, located in central 
(Rhodes) and southern (McNay) Iowa. At Rhodes breeding took place in June and July with 
calving in the following spring. Females on pasture were observed twice per day for estrus. 
Calves were weaned at approximately 160 to 200 days of age and replacement heifers were 
bred as yearlings. At McNay mating occurred in November and December with fall calving 
and weaning at an age of 45 days. Due to low nutrient content of the pasture, cattle were 
moved to dry lots each calving season. Com silage and hay were made available free choice 
and females were observed at 12-hour mterval for estrus detection. Replacement heifers were 
bred as yearlings. Fail calving at McNay was practiced until 1986 and starting in 1988 dams 
were bred to calve in spring. 
Selection criteria 
Crossbred bulls were selected at an average age of 160 to 200 days based on weaning 
index equations that included weight and hip height adjusted for age of dam and calf age. 
Index equations used in the respective lines were. 
Small: (X.-X.)-5(X,-XJ 
Medium: |X.-X. 1+5|X,-XJ 
Large: (X.-X.) + 5(X,-XJ 
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Where, 
X, = adjusted weaning weight, 
X, = adjusted weaning hip height, 
X, = mean year-line-sex-Iocation weaning weight, 
X^ = mean year-line-sex-location weaning hip height. 
Index equations were designed to mcrease general size in the large synthetics, 
decrease it in the small and hold the medium synthetics as a control. That is, positive 
selection for weight was allowed in both small and large lines at the same time decreasing hip 
height in the small line and increasing it in the large line. A weighing factor of five was used 
to account for differences in variances of weight and hip height. The selected bulls within 
each line were used at both farms to provide exchange of genetic material to unify the 
population. Dams were culled primarily for reproduction failure. The only exception was in 
the later years of the study where dams were removed from the herd on basis of generation. 
Data analysis 
Traits considered. Data used in this study were performance records of progeny bom 
from 1978 through 1990 at the McNay and Rhodes farms. Traits included in this analysis 
were, birth weight (BWT), birth hip height (BHT), weaning weight (WWT), weaning hip 
height (WHT), pre-weaning average daily gain (ADG) and pre-weaning average daily gain in 
hip height (ADH). Data for BWT, BHT, ADG, and ADH were adjusted for age of dam 
effects based on additive adjustment factors. Since bulls were selected at an average age of 
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160-200 d, adjusting data to an average age of 180 days might have been more appropriate. 
However, following the general conventions used in beef cattie experiments and the Beef 
Improvement Federation (BIF) guidelines (BIF, 1996), data were adjusted to 205-d. 
Adjusted weaning weight and weaning hip height were calculated as, 
WWT = adjusted BWT + (adjusted ADG) x 205 
WHT = adjusted BHT + (adjusted ADH) x 205 
All records were finally expressed in actual and in standard deviation units by 
dividing individual calf s record by line-location standard deviation of the respective traits. 
No adjustment was made for inbreeding and breed composition of a calf 
Evaluation of initial size differences. The effect of this initial assignment of 
foundation parents into three size lines was evaluated based on data firom the first three years 
(1978-80) of the study (data set-I). Data were analyzed using a linear model including fixed 
effects of year-season, sex of calf, size, breed of sire, dam breed group, and random effects of 
sire within sire breed and size. Dams were divided into two breed groups (dairy and beef) 
based on their major breed composition (Middlton, 1981). All possible two-way interactions 
were not important (P > .05) and higher levels of interactions were not considered. 
Size effect in this model included effects of sire selection for size within breed and 
cow selection, which is composed of both breed and size effects (Willham et al., 1980). 
Therefore, in order to evaluate relative contribution of sire and dam sizes to line differences 
data from progeny of foundation parents bom in the years 1981 to 1984 were used (data set-
II). A similar model as the above was used; except that size effect was replaced by sire size 
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and dam size effects and sire sizex dam size interaction was included. In all cases data were 
analyzed using PROC MIXED procedure of SAS (1992). 
Generation interval and generations of selection. Generation interval was calculated 
as the average age of parents when their progeny are bom. In all the three lines the year 1976 
was used as a base year in the coinputation of mean ages of foundation parents. Generation 
of selection refers to the number of attempts made to increase the fi-equency of desirable 
alleles affecting the primary trait (Irgang et al., 1985). Mean generations of selection were 
derived from mean bull and heifer generation coefficients (GC). Generation coefficient was 
calculated according to Brinks etal. (1961). For selected bulls, GC was computed as 
GC|, = 1+ [0.5x (GCj + GCj)], and GS), = GC,, -1 
where, 
GCb = generation coefficient of a selected bull, 
GSb= generations of selection for a selected bull, 
GCj = generation coefficient of a sire, and 
GCd= generation coefficient of a dam. 
However, since heifer were not selected, 
GCh = GSh = 0.5x (GC, + GCJ 
where, 
GCh = generation coefficient of a heifer, 
GSh= generations of selection for a heifer. 
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Foundation parents were assigned a generation coefficient of zero. Generation 
coefficients and generations of selection were determined within line-location subclass. 
Selection differential. Actual selection differentials per generation for the primary 
(index) and secondary traits were computed as individual deviations (ID) of sires from their 
contemporary group weighted by the number of progeny. However, expected sire 
differentials values were unweighted IDs. 
For each year-line-sex-location sub-class, the maximum selection differential was 
calculated by averaging individual deviations of bulls with the best index according to line 
criteria. In the small and large lines maximum potential bulls were those with the highest 
index. In the medium line, maximum potential bulls were those with an index value close to 
zero. Each year, the number and breed composition of bulls considered were the same as 
sires actually used during the study. 
Cumulative selection differential (CSD) was calculated according to the method 
outlined by Newman et al. (1973) and described by Buchanan at al. (1982). The cumulative 
selection differential of a selected individual is the sum of ID and mean accumulated 
selection (MAS) of parents in the contemporary group. Mid-parent cumulative selection 
differential values, averaged by year, were regressed on year of birth of progeny to assess the 
general trend in the amount of selection practiced over the years. In all instances, CSD was 
not adjusted for the difference in herd of origin when sires ftom McNay and Rhodes 
contributed progeny to the same contemporary group. This approach was used based on the 
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assumption that in each line herds at the two locations have nearly the same average genetic 
value for the traits considered. 
Index in retrospect. Dickerson et al. (1954) have shown that an index indicating the 
relative emphasis laid on each trait could be calculated in retrospect. The index in retrospect, 
in standard deviation units, was computed following the outline provided in Koch et al. 
(1974) and Buchanan et al. (1982). The retrospective weights in an unknown index could 
be found in 
b = R-' C 
Where, 
R = phenotypic correlation matrix between traits, 
C = vector for standardized average sire differential, 
b = vector of retrospective weights. 
E(b) =AI*B,c 
where, 
Al = selection differential of the index, 
B,c= Standardized partial regression of the index on the k"* trait. 
Assuming that all traits associated with selection are included, the multiple 
correlation of the index with its components is considered one. Therefore, selection 
differential of the index was computed as, 
AI = (b'Rb)^ 
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The vector of partial regression coefficients of the index on component (Bjc ) was 
computed as, 
B,c = b/AI 
Phenotypic correlations between traits for males were computed based on data pooled 
within year-line-location subclass. Two different sets of indices were computed. Index I 
included BWT and BHT in addition to actual mdex component traits, and was used to 
evaluate selection intention. Index II included BWT, BHT, ADG, and ADH, and was 
computed to evaluate the relative emphasis given to pre-weaning growth rate in weight and 
hip height. Index in retrospect coefficients were calculated based on mean actual and 
maximum sire selection differentials per generation. 
Results and Discussions 
Descriptive statistics for traits considered in the study are given in Tables 1 and 2. In 
all the three lines, the number of observations at Rhodes was larger than the numbers at 
McNay. During the entire 12 (McNay) to 13 (Rhodes) years of the study information from 
3126,2774, and 2191 progeny in the small, medium and large lines, respectively, were 
evaluated. These were progeny of97,124, and 116 sires mated to 1029,1005 and 992 dams 
in the small, medium and large lines, respectively. 
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Evaluation of initial size differences 
Evaluation of data from the first three years of the study (data set-I) showed an 
important influence (P < .01, P < .05) of size on progeny performance (Table 3). Linear 
contrasts showed that foundation parents in the medium line were mdeed serving the 
intended purpose by producing progeny with performances between progeny of the small and 
the large lines. Breed ranking remained the same for all traits. Simmental progeny were 
heavier and taller at birth and weaning than progeny of Angus and Jersey sires. However, 
breed differences for ADH was not important (P > .05). 
Middlton (1981) concluded that 53% of the weight and 69% the height differences 
between dissimilar size-breed classes is due to the within breed selection of sires for size, the 
rest being due to the choice of breeds. Furthermore, he attributed most of the size effect to 
sire size selection within sire breed. However, based on separate data, Hassen and Willham 
(1995) concluded an equal contribution of parental sizes to size line formation. Therefore, 
data set-II was used to partition sire size and dam size effects. Results from this analysis are 
shown on Table 3. Both sire- and dam-sizes showed an important (P < .01) effect for some 
of the traits considered. However, the interaction between these two effects was not 
important (P > .05). Lack of interaction between parental sizes suggests that the average 
effects of sire size remains unchanged at different levels of dam sizes and vise versa. 
Therefore, the difference between least squares means of progeny in a similar parental size 
mating (small sire x small dam, medium sirex mediimi dam, large sirex large dam) could be 
estimated from the simi of the differences between levels of dam and sire sizes involved. 
When averaged across all traits, sire size contribution to line differences was 52.3 %. For 
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weight and height traits, sire size contribution to line differences was 47.2% and, 52.3, 
respectively. However, dam size contributions are still confounded with breed effects. 
Generally, the results indicate that assignment of foundation cows to size lines and 
the subsequent mating with sires selected within the three breeds had created a true initial 
difference between lines, with the medium cattle serving as an intermediate control. 
Therefore, selection in the intended direction is expected to enhance this initial difference 
between lines. 
Generation interval and generations of selection 
The overall mean age of parents of all progeny was 4.11 years (Table 4). The average 
age of parents of all progeny across location was the same in small and medium lines at 3.95 
years and parents in the large line averaged 4.38 years. In each line, mean age of parents at 
Rhodes was smaller than the corresponding ages at McNay. In all lines, mean age of sires 
was higher than that of dams. This may be due to the practice of breeding almost all heifers 
and the repeated use of sires to produce next generation progeny. Reproductive problems in 
the large line (Buttram and Willham, 1989) might have caused a more repeated use and a 
relatively older mean parental ages at McNay. Over the years, nearly the same total number 
of sires have been selected in both the medium and the large lines, but only few of the sires in 
the large line had a large number of progeny. 
The mean age of parents for the four paths of gene transmission are shown in the 
same table for the selected bulls and of all dams. The overall mean age of parents of the 
selected sires (3.02 years) was smaller than that of parents of all progeny (4.11 years) and the 
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mean parental ages for all dams (3.68 years). Generally, generation turnover in the large line 
at both locations was slower than all other lines. During the course of the experiment there 
was a general increase in the range of parental ages within a year and the largest increase 
occurred in the large line. The range for sire ages within a year ranged from a minimum of 
zero at the beginning of the study to an almost 11 years in 1990. 
An overall mean generation interval of 4.11 years in this experiment shows a better 
generation turnover than many previous beef selection experiments. Based on a review of 
several mass selection experiments on growth traits, Mrode (1988) reported an overall mean 
generation interval of 4.36 years. The average age of sires ranged from 2 to 4.3 years and of 
dams averaged 4 to 6.6 years. Similarly, Koch et al. (1994) reported a mean generation 
interval of 4.6 years for three lines of beef cattle selected for weaning weight, yearling 
weight, and an index of yearling weight and muscle score. 
The number of generations of selection for progeny bom in 1990 ranged from 1.14 in 
the large line at McNay to a maximum of 2.05 in the small line at Rhodes (Table 4). When 
averaged by line, a total of 1.82 (small), 1.47(medium), and 1.28(large) generations of were 
accomplished. However, for nearly the same duration of study several authors reported much 
higher values. Buchanan et al. (1982) reported 3.56 to 3.69 generation of selection for data 
collected over a 15 year period. For the same time period, Frahm et al. (1985) reported 3.2 
generations of selection in Hereford cattle selected for WWT and YWT. Also, Aaron et al. 
(1986) reported 3.87 and 3.72 generations of selection in Angus cattle selected for WWT and 
YWT over a period of 16 years. One common feature of all these experiments is that imlike 
the present study selection was made on both sexes. However, the results of the present 
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study closely agree with reports dealing with single sex (sire) selection. Irgang et al. (1985) 
reported 1.1 generations of selection in a study conducted for 12 years. In an experiment 
involving 8 years of sire selection in Hereford cattle, Mrode et al. (1990) reported 1.67 and 
1.51 generations of selection for lean growth rate and lean food conversion ratio, 
respectively. 
The armual increase in generation coefficient was higher in the small line (.15 to .20) 
than medium (.12 to .13) and large (.08 to .12) lines. The overall mean regression coefficient 
across lines was .13 and is nearly half as much as the values reported in Buchanan et al. 
(1982). 
Actual and expected selection differential 
The mean actual sire selection differential for the primary trait (index) in the small 
line ranged fi-om 1.27 to 1.28 cr/generation (Table 5). Mean actual sire selection differentials 
for index components in the small line at Rhodes were .35 and -0.37 a/generation for WWT 
and WHT, respectively. Actual sire selection differentials for the respective traits at McNay 
were .37 and -.40 a/generation. For the medium synthetics, mean sire index differentials 
were -.36 and -.57 a/generation, or 1.2% and 2.1% below the mean index at McNay and 
Rhodes herds, respectively. However, sire selection differential for components of the index 
at both locations seems to have favored selection of sires with a high WWT than the average 
of the herd. Selected sires in both herds were one standard deviation above the mean for 
WWT. 
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Selection index equations in all lines included a weighing factor of 5 to account for 
the low standard deviation of hip height. However, this factor may not be adequate enough 
to insure equal emphasis to both traits. Other possible reason might be the way sires were 
chosen to breed next generation progeny. Best sires according to the selection objective in 
this line are those with index value closer to zero. However, only very few of these sires 
were used. 
Mean actual sire index differential in the large synthetic cattle ranged from .75 at 
McNay to .92 a/generation at Rhodes. At both herds sire differential for index components 
were positive and similar in amount. The realized secondary selection differentials for BWT, 
BHT, ADG and ADH were also positive and similar across location. Based on data collected 
over a 9 year period, Nicoll and Johnson (1986) reported a mean selection differential of 1.47 
a/generation for yearling index. Koch et al. (1994), reported a mean sire index differential of 
1.42 a/generation, with an 85% sire contribution. These values are in close agreement with 
the present result in the small line. 
The expected selection differential values for the three lines of cattle are also shown 
in Table 5. Weighing selection differential value by the nimiber of progeny partly accounts 
for effects of natural selection. Therefore, the ratio of actual to the expected sire selection 
differential can be used to assess effects of natural selection in artificial selection experiments 
(Falconer, 1981). These ratios of actual to expected index differential for sires, averaged 
across locations, were 1, .90 and .91 for the small, medium and large lines, respectively. 
Differences between herds within line were small except for the medium line where the 
McNay herd showed a lesser ratio of .78 as compared to 1.02 at Rhodes. However, with a 
41 
small number of breeding herds these ratios may not provide an accurate description due to 
the possible effects of chance. 
Maximum selection differential 
Comparison of maximum potential selection differential with the actual differential 
for the primary trait is another way to evaluate effectiveness of selection experiments. This 
measure provides an evaluation of the actual selection applied and the maximum values that 
would have been attained had best sire index values been the sole criteria for selection. 
Selection difTerential values for the maximum potential sires are given in Table 6. These 
values were compared with actual sire selection differential values given in Table 5 to 
evaluate the proportion of the potential selection differential realized. 
In die small line at Rhodes actual sire index differential per generation was .82 time 
the maximum potential selection differential. However, had the maximum selection potential 
been realized, it would have resulted in more emphasis to weaning weight. On the other 
hand, all top ranking sires in the small line at McNay were allowed to leave offspring in the 
next generation. 
In the medium synthetic cattle, potential sires were those with index value close to 
zero. Comparison of actual and maximimi potential index differential indicates that, on the 
average, only 34 % (McNay) to 68% (Rhodes) of the potential sires have been used. On the 
other hand the use of these potential sires would have helped reduce the gap in selection 
pressure between WWT and WHT but not to the extent of compensating for the tendency of 
the index equation to favor high WWT sires. 
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In the large line about 61 % (Rhodes) to 93 % (McNay) of the maximum potential 
sire differential have been realized. Adherence to sires with maximum index value would 
have increased index differential but WWT would have been favored. Nicoll and Johnson 
(1986) reported 86% use of maximum potential sires. Also, Mrode et al. (1990) reported 
89% to 96% use of maximum potential sires in lean growth rate and lean food conversion 
ratio lines, respectively. Similar evaluation by Koch et al. (1994) showed the use of 88% of 
the maximum potential selection differential for WWT and YWT lines, respectively, and 
87% for the index line. 
Reason for loss of a fraction of potential selection differential in this study was partly 
caused by the attempt to maintain population size. Sires with the lowest index in the medium 
line were often poor for reproductive, carcass and general beef cattle conformation 
characters, leading to the selection of sires with larger than zero index values. This situation 
was indeed a predicament during the study and ftill adherence to selection criteria might have 
jeopardize the study through dwindling herd size and possible inbreeding effects. Other 
possible source of error could be re-ranking of individual bulls when data were adjusted for 
age of dam and calf age based on adjustment factors computed in retrospect. 
Cumulative selection differential 
The amount of selection pressure applied during the entire study may be evaluated on 
the basis of mean mid-parent CSD for progeny bom in the final year. Several authors 
measured the magnitude of selection applied based on the regression of mid-parent CSD on 
year of birth of progeny (Aaron et al., 1986; Mrode et al., 1990; Koch et al., 1994). 
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Coefficients for the regression of mid-parent index CSD on calf biith year for McNay 
herd were, .08, -.02 and, .OSa/year in small, medium and large lines, respectively, and 
except for the medium line all coefficients were different from zero (p < .05). At Rhodes, 
values for the respective lines were, .08, -.03 and 0.07 a/year, and all these coefficients were 
different from zero (p <.05). 
With regard to index components, at both locations regression coefficients in small 
line were important for WWT (P < .05, P < .10) (Table not shown). The mean mid-parent 
regression coefficient for WWT for the small line was .04a/year. Contrary to selection 
intentions, there was a relatively high intensity of selection for index components in the 
medium line cattle. The mean mid-parent coefficient for WWT at the two herds was . 13 
a/year, which is closer to .17 o/year (Irgang et al. 1985). The trend in mid-parent CSD for 
WWT and WHT in the large synthetics agrees with the selection intention, and regression 
coefficients were all different from zero (p < .10). When averaged across location, mid-
parent regression coefficients for WWT and WHT in the large line were .05 and .06 cr/year, 
respectively. 
The mean mid-parent cumulative index differentials for calves bom in 1990 at 
McNay were .91, -.26, and .51a in the small, medium, and large lines, respectively. At 
Rhodes, mean mid-parent index CSD for calves bom 1990 were, 1.01, -.51 and .75ct. 
Mean mid-parent CSD for WWT in the three lines at McNay are shown in Figure 1. 
For progeny bom in 1990, mean mid-parent CSD were, 9.32 kg (.34ct), 50.84 kg (1.64(t), and 
17.58 kg (.52(7) for small, medium and large lines, respectively. The meanmid-parental 
values for the respective lines at Rhodes (Figure 2) were, 11.03 kg (.40o), 47.79 kg (1.5o), 
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and 30.05 kg (.85<t). For WHT, mid-parent CSD at McNay (Figure 3) were, -1.94 cm (-.35o-
), 2.30 cm (.41 <t), and 3.81 cm (.64<t) for the small, medium, and the large lines, as 
compared to -2.25 cm (-.440), 3.12 cm (.6tr), and 5.14 cm (.89tT) for the respective lines at 
Rhodes (Figure 4). 
Intensity of selection for the primary trait in this study was lower than many previous 
reports. Mrode (1988) concluded that mean selection intensity for single trait mass selection 
is 0.2 a/year, which is similar to .24 a/year in the index line reported in Koch et al. (1994). 
However, Mrode et al. (1990) reported .29 and -.21 a/year for lean growth rate and lean food 
conversion ratio, respectivey. The relatively high selection intensity in single sex (sire) 
selection experiments was the result of a faster generation turnover than the present study. In 
Mrode et al. (1990) mean generation interval was 2.83 years and Irgang et al. (1985) reported 
that sires were used for only a year. 
The general breeding objective in this particular study was to add to the initial 
differences in general body size between small and large synthetics by selecting for height in 
opposite direction while increasing weight in both lines. However, the amount of selection 
response (differential) particularly for height was very small. For instance, after 12 years of 
selection at McNay, the difference in mid-parent CSD between progeny bom in 1990 in the 
small and the Izirge line was 5.75 cm (Figure 3). For calves bom 1990 at Rhodes, this 
differences in WHT was 7.39 cm. Several factors could cause such a low response. 
Foundation cows and purebred sires were assigned to groups to enhance initial size 
differences between lines. This may reduce the variability within line. Besides, reproductive 
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problem in large line at earlier stages (Buttram and Willham, 1989) might have persisted 
through out the study, resulting a prolonged use of sires. 
Index in retrospect 
Pooled phenotypic correlations between traits for unselected male progeny are 
depicted in Table 7. The B,c values for sires were computed by equating phenotypic 
correlations to actual and maximum potential sire selection differential (Tables 5 and 6). 
Partial regression coefficients (B,c) for small line (Table 8) indicated that nearly a 
similar amount of selection in the intended direction was applied on WWT and WHT at both 
locations. When averaged across replicates, about one standard deviation unit of selection 
per generation was applied on the index. However, had maximum selection pressure been 
realized, selection at Rhodes would have favored increased weaning weight. 
Sure selection in the medium cattle indicated a larger emphasis to WWT. This 
unintentional selection could be due to insufficient index weight, but a much more important 
reason is a lesser use of sire indexes closer to zero. Hence, the disparity in the relative 
weights between WWT and WHT was reduced when the index was computed based on 
maximum potential sire differentials. 
In large cattle, WWT and WHT had almost a similar contribution to the variation in 
the amount of selection applied. However, use of maximiun potential sires in the study 
would have caused a much larger contribution of WWT to the index differential than WHT. 
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Results for index II indicate the relative emphasis given to rate of growth in weight 
and height. Almost equal emphasis was given to ADG and ADH in the small and large lines. 
However, ADG was given a high weight in the medium line. 
There are several additional accomplishments of this project that deserve mentioning. 
This study remains among the very few projects where the between and within breed 
variations are used to create three distinct sizes lines of beef cattle to be tested under two 
different management systems. Initial classification of foundation cows into three size 
classes, followed by mating with sires selected for size within breed had helped create 
distinct classes for earlier management studies. Most selection experiments in beef cattle 
suffered from inadequate design in terms of small population size, high level of inbreeding 
and lack of replication (Mrode, 1988). Most of these problems were well controlled in this 
particular study. For instance, evaluation of data in a separate study showed a very low 
overall mean mbreeding value of 3.75% (Hassen and Willham, 1998). Also, the amount of 
selection pressure realized and the problems encountered in this project are valuable 
information in future selection experiments dealing with size line formation 
Implications 
The variation that exists between and within breeds of cattle could be utilized to produce 
cattle that fit to a specific production system. However, the role of selection in the formation 
of synthetic lines and the magnitude of selection response (differential) depends, along with 
other factors, on the amoxmt of variation and how strictly selection criteria are followed. 
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Table 1, Means and standard deviations of observations used in the analysis (McNay)' 
Traits 
BWT BHT WWT WHT ADG ADH 
Small 
n 1350 1344 1189 1189 1189 1189 
Mean 31.45 ±4.58 67.25 ± 3.86 200.27 ± 33.78 105.24± 5.69 .82 ±.16 .18 ±.03 
Medium 
n 1187 1179 1018 1010 1018 1010 
Mean 36.10 ±5.66 71.16 ±4.07 233.64 ±31.35 109.64 ±5.75 .92+14 .19 ±.03 
Large 
n 800 799 684 683 684 683 
Mean 42.45 ±7.31 75.47 ±4.49 245.13 ± 33.89 115.34 ±7.08 .99 ±.15 .19 ±.04 
*BWT = birth weight, kg; BHT = birth hip height, cm; WWT = 205-d weaning weight, kg; 
ADG = pre-weaning average daily weight gain, kg; ADH = preweaning average daily gain in hip height, cm 
Table 2, Means and standard deviations of observations used in the analysis (Rhodes)' 
Traits 
BWT BHT WWT WHT ADG ADH 
Small 
n 1776 1776 1638 1641 1638 1641 
Mean 35.21 ±4.58 69.30 ±3.97 210.42 ±28.63 105.26 ±5.24 .85 ±.13 .18 ±.03 
Medium 
n 1587 1586 1474 1470 1474 1470 
Mean 39.90 ± 5.34 72.92 1 4.15 233.82 ±31.82 110.82 ±5.46 .95 ±.15 .18 ±.03 
Large 
n 1391 1390 1294 1294 1295 1294 
Mean 45.48 ± 6.07 76.60 ±4.09 251.44 ±39.84 115.62 ±5.99 1.00 ±.19 .19 ±.03 
"BWT = birth weight, kg; BHT = birth hip height, cm; WWT = 205-d weaning weight, kg; 
ADG = pre-weaning average daily weight gain, kg; ADH = pre-weaning average daily gain in hip height, cm. 
Table 3. Least squares means of progeny from the foundation cattle 
Least squares means ± SE^ 
BWT BHT WWT WHT ADG ADH 
Data set I 
Line contrasts 
Small-med. -2.65 ±.55** -2.17±.40*» -16.08 ±3.64** -3.87±.58«* -.06 ±.02** -.01±.00** 
Large-med. 3.50 ±.57** 3.16 ±.42** 14.12+ 3.82*» 4.27 ±.62** .05 ±.02* .01 ± .00** 
Sire Breed 
Jersey 34.28 ±.60a 69.42 ±.45^ 216.35 ±3.92^ 108.64 ±.66^ .89 ±.02^ .19±.00a 
Angus 37.79 ±.46b 69.76 ±.35a 235.64 ±3.00b 109.62 ±.52a .96 ±.01^ .19±.00a 
Simmental 41.06 ±.63C 72.49 ±.47^ 246.84 ± 4.13c 112.86 ±.70b 1.00 ±.02^ .19 ±.00® 
-Data set II-
Sire Size 
Small 38.70 ±.65a 72.88 ±.48a 236.32 ± 7.29a 110.13 ±.6ia .80 ±.03a .18±.00a 
Medium 40.07±.54a 73.78±.4ia 240.98±6.39a 112.13 ±.56^ .82±.03a .19±.00a 
Large 42.08 ±.65^ 75.60 ±.48^ 248.59 ±7.20^ 113.27 ±.59^ .84 ±.03a .19±.00a 
Dam Size 
Small 
Medium 
Large 
38.82 ± .54a 
40.55 ± .55b 
41.47 ±.57 b 
73.11 ±.53a 
74.35 ± .52b 
74.80 ± .54 b 
237.17 ±6.60a 
242.96 ± 6.72a 
245.77 ± 7.00a 
110.41 ±.55a 
112.13 ±.56b 
113.27± .59b 
.80 ±.03a 
.82 ± .03a 
.83 ± .03a 
.18±.00a 
.19±.00a 
.19 ± .OOa 
"•""Means within colunm with different superscripts are significant (P < .01). 
^BWT = birth weight, kg; BHT = birth hip height, cm; WWT = 205-d weaning weight, kg; 
ADG = pre-weaning average daily weight gain, kg; ADH = pre-weaning average daily gain in hip height, cm. 
values are different from zero (P < .01). 
* values are different from zero (P < .05). 
Table 4. Average generation interval and number of generations of selection in three synthetic lines at 
both locations 
Small Medium Large 
McNay Rhodes McNay Rhodes McNay Rhodes 
Generation interval, years 
All progeny 
Sire 4.43 3.92 4.27 4.01 5.45 4.02 
Dam 3.70 3.72 3.82 3.71 4.27 3.76 
Mid-parent 4.10 3.82 4.05 3.86 4.86 3.98 
Line mean 3.94 3.95 4.38 
Overall 4.11 
Sires 
Sires of sires 3.18 2.68 3.26 2.86 3.21 3.14 
Dams of sires 3.05 2.51 3.21 2.86 3.21 3.10 
Mid-parent 3,12 2.60 3.24 2.86 3.21 3.12 
Line mean 2.86 3.05 3.17 
Overall 3.02 
Dams 
Sires of dams 3.91 3.21 4.03 3.59 4.78 3.57 
Dams of dams 3.49 3.10 3.63 3.31 4.11 3.41 
Mid-parent 3.70 3.16 3.83 3.45 4.45 3.49 
Line mean 3.43 3.64 3.97 
Overall 3.68 
Generations 1.58 2.05 1.40 1.53 1.14 1.42 
P<.01 
Table 5. Mean actual and expected sire selection differentials (a units) per generation in three synthetic 
lines at both locations" 
Traits 
Line-location BWT BHT WWT WHT INDEX ADG ADH 
Actual selection differential 
Small 
McNay .03 -.34 .37 -.40 1.27 .38 -.12 
Rhodes .02 -.33 .35 -.37 1.28 .34 -.11 
Medium 
McNay .81 .75 1.01 .33 -.36 .98 .13 
Rhodes .97 .89 1.09 .41 -.57 1.03 .17 
Large 
McNay .22 .25 .77 .75 .75 .78 .63 
Rhodes .29 .25 .78 .86 .92 .78 .64 
Expected selection differential 
Small 
McNay -.07 -.33 .37 -.29 1.17 .38 -.04 
Rhodes -.06 -.32 .36 -.29 1.23 .33 -.04 
Medium 
McNay .82 .79 .91 .34 -.46 .88 .09 
Rhodes .88 .83 1.02 .34 -.56 .98 .12 
Large 
McNay .24 .30 .76 .62 .77 .79 .62 
Rhodes .48 .33 .84 .80 .92 .82 .60 
*BWT = birth weight, kg; BHT = birth hip height, cm; WWT = 205-d weaning weight, kg; 
ADG = pre-weaning average daily weight gain, kg; ADH = pre-weaning average daily gain in hip height, cm. 
Table 6. Mean selection differentials (a units) per generation for maximum potential sires in three 
synthetic lines at both locations' 
Traits 
BWT BHT WWT WHT INDEX ADG ADH 
Small 
McNay -.10 -.34 .37 -.40 1.27 .38 -.12 
Rhodes -.06 -.40 .46 -.28 1.56 .41 .02 
Medium 
McNay .80 .37 .44 .06 -1.06 .41 .09 
Rhodes .84 .89 .97 .50 -.84 .92 .28 
Large 
McNay .31 .31 .89 .57 .81 .82 .36 
Rhodes .65 .58 1.02 .86 1.52 .97 .51 
"BWT = birth weight, kg; BHT = birth hip height, cm; WWT = 205-d weaning weight, kg; 
ADG = pre-weaning average daily weight gain, kg; ADH = pre-weaning average daily gain in hip height. 
Table 7. Phenotypic correlations between traits in males pooled within year-line-location' 
Traits 
BWT BHT WWT WHT ADG ADH 
BWT .63 .42 .35 .24 -.01 
BHT .30 .32 .20 -.32 
WWT .68 .98 .41 
WHT .65 .70 
ADG .46 
ADH • 
*BWT = birth weight, kg; BHT = birth hip height, cm; WWT = 205-d weaning weight, kg; 
ADG = preweaning average daily weight gain, kg; ADH = preweaning average daily gain in hip height, cm. 
o\ 
Table 8. Selection index in retrospect expressed in standard deviation units based on actual and maximum 
potential sires selection differential in all lines at both locations' 
Index-I Index-II 
Line Location BWT BHT WWT WHT AI BWT BHT ADG ADH AI 
Based on actual sire selection differential 
Small McNay .22 -.46 1.15 -1.10 1.03 .56 -1.22 .97 -.96 .92 
Rhodes .22 -.47 1.15 -1.09 .99 .56 -1.24 .95 -.96 .85 
Medium McNay .20 .36 1.03 .63 1.27 .38 .17 .79 -.19 1.19 
Rhodes .27 .37 .94 .56 1.39 .42 .24 .68 -.10 1.31 
Large McNay -.25 .10 .64 .51 .84 -.18 .48 .54 .61 .89 
Rhodes -.09 -.02 .44 .69 .90 -.04 .39 .53 .60 .89 
Based on maximum potential sire selection differential 
Small McNay -.01 -.34 1.23 -1.12 1.02 .33 -1.12 1.03 -.97 .86 
Rhodes .08 -.49 1.22 -.97 1.03 .44 -1.21 .99 -.81 .85 
Medium McNay .98 -.18 .51 .57 .91 1.08 -.38 .37 -.17 .86 
Rhodes .15 .51 .84 .37 1.21 .23 .54 .52 .17 1.20 
Large McNay -.18 .16 1.07 -.09 .91 .03 .18 .90 .08 .84 
Rhodes .12 .18 .68 .23 1.08 .22 .36 .62 .30 1.10 
"BWT = birth weight, kg; BHT = birth hip height, cm; WWT = 205-d vs^eaning weight, kg; 
ADG = preweaning average daily weight gain, kg; ADH = preweaning average daily gain in hip height, cm. 
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Fig 1. Mean mid-parent cumulative selection differential for 
WWT by calf birth year (McNay). 
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Fig 2. Mean mid-parent cumulative selection differential for 
WWT by calf birth year (Rhodes). 
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Fig. 3. Mean mid-parent cumulative selection differential for 
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SELECTION PRACTICES IN THREE SYNTHETIC LINES OF BEEF CATTLE: 
n. EVALUATION OF PARAMETERS AND CORRELATED RESPONSES FOR 
CARCASS TRAITS* 
A paper to be submitted to the Journal of Animal Science 
A. Hassen and R. L. Willham^ 
ABSTRACT 
In the present study we used carcass information from steer progeny in small, medium, and 
large synthetic cattle. Animals were bom during 1978 through 1990 at Rhodes and McNay 
farms. Traits included, hot carcass weight (HCW), longissimus muscle area (LMA), dressing 
percentage (DP), 12th - 13th rib fat thickness (FTK), and percentage of kidney, pelvic, and 
heart fat (KPH). The objectives of the study were, to evaluate effects of some crossbreeding 
parameters on carcass traits, to estimate genetic parameters, and to evaluate genetic trends in 
carcass traits. Results showed a significant (P < .05) difference in breed direct additive 
effects between Jersey, Angus, and the Simmental breeds. However, differences in breed 
maternal additive effects were not different from zero (P > .05). Effects of average individual 
and maternal heterosis were not important (P > .05). Heritability of HCW, DP, LMA, FTK 
and KPH in the small line were, .30, .09, .21, .34, and .15, respectively. The respective 
values in the medium line were, .52, .35, .33, .29, and .07. In the large line heritability values 
were in the order of .31,. 18,. 17, .31, and .18, respectively. Regardless of the line 
considered, there was an important (P < .05) change in mean phenotypic values of animals 
' Journal paper No. of the Iowa Agric. and Home Economics Exp. Sta., Ames. Project No 
^ To whom correspondence should be addressed. 
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for HCW, DP and KPH. However, these changes were largely due to an improvement in the 
management quality over the years. Sire selection based on weaning indices showed a 
significant (P < .05) genetic change for some of the carcass traits. It was concluded that 
breeding programs designed to improve carcasses traits need to incorporate carcass 
information in an index to increase genetic progress. Direct evaluation of breeding animals 
using ultrasound measures was considered as an important option. 
Key Words: Beef Cattle, Heritability, Genetic trend. Crossbreeding, Carcass trait 
Introduction 
Breed differences for most bio-economic traits are results of cumulative genetic 
differences emanated from a long period of selection aimed at different objectives 
(Dickerson, 1969; Gregory et al., 1993), varying environments, and random drift (Dickerson, 
1969). Such differences may therefore be utilized and maintained to meet specific market 
demand and local resources. 
Composite cattle provide an excellent opportunity to utilize breed differences for 
favorable additive genetic effect as well as to make use of the benefits of heterosis. In 
addition, several authors (Cundiff et al., 1971; Dickerson, 1973; Gregory et al., 1982) 
claimed a high genetic response to selection in synthetic cattle due to the expected high 
genetic variability and a high selection intensity from increased reproduction. However, 
information on genetic parameter estimates and responses to selection in composite cattle are 
limited. The objectives of this study were: (a) to evaluate effects of some crossbreeding 
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parameters on carcass traits, (b) to estimate genetic parameters for carcass traits, and (c) to 
evaluate genetic trend for carcass traits in three synthetic lines of beef cattle. 
Materials and Methods 
Source of data 
A detail explanation on the breeding herd and selection practices is given in Hassen 
and Willham (1999). Data used in the study came from beef systems research project at Iowa 
State University, which contributed to the North Central region beef cattle breeding project 
(NC-1). The objectives of this project were: (a) to produce three lines of synthetic cattle that 
differ in general (mature) size for use in beef systems research, (b) to evaluate size x 
management interactions found in the conduct of system research, and (c) to study the results 
of selection for mature size in both the negative and positive directions. 
The foundation dam population consisted of450 spring- and 260 fall- calving 
crossbred cows from a previous dairyxbeef crossbreeding experiment and contained difiFerent 
levels of Jersey, Angus, Simmental, Hereford, Holstein, Brown Swiss, Charolaise and other 
breeding. Northcut (1990), rated dam composition at 75% and 72% beef for the Rhodes and 
McNay herds, respectively. 
At the beginning of the project foundation cows were assigned to three size groups 
(small, medium and large) based on their hip height and weight within breed and age 
combinations. Five small and three large Jersey bulls were selected and used artificially for 
the first two years in the development of small and medium size synthetics. Five Angus 
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bulls, each of the small, medium, and large general sizes were selected and used artificially in 
the development each synthetic. Three small and five large Simmental bulls were used 
artificially for the first two years in the development of medium and large synthetics. In all 
lines subsequent generation calves were produced from matings of crossbred parents of the 
same generation within size line. Classification of dams into size classes and assigimient of 
specific sizes of sires within breed to the respective groups was done to enhance initial size 
differences between lines so that effect of frame size, management and their interaction could 
be evaluated in the earlier years of the study. However, starting in the spring of 1980, the 
remaining foundation dams, including 227 spring cows at Rhodes and 315 fall cows at 
McNay were mated to all the seven combinations of breed-size sire groups. This was done to 
separate major causes of size differences in the three synthetics. 
In terms of breed composition, mating was designed to produce synthetic cattle 
definable by the percentages of Jersey, Angus, and Simmental levels. Purebred sire 
contribution to the synthetic lines in the respective lines was as follows: 
Small: 1/4 Jersey, 1/4 Angus 
Medium : 1/8 Jersey, 1/4 Angus and 1/8 Simmental 
Large: 1/4 Angus, 1/4 Sinunental 
The remaining half of the composition of synthetic calves was contributed by the 
foimdation dams, which depended on their breed composition. 
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Herd management 
A detailed description of the breeding herd and management practices is given 
elsewhere (Willham et al., 1979, 1980, 1981; Middlton, 1981). The three synthetic lines 
were replicated at the two Iowa State University beef research farms located in central 
(Rhodes) and southern (McNay) Iowa. At Rhodes breeding took place in June and July with 
calving in the following spring. Females on pasture were observed twice per day for estrus. 
Calves were weaned at approximately 160 to 200 days of age and replacement heifers were 
bred as yearlings. At McNay mating occurred in November and December with fall calving 
and weaning at an age of 45 days. Each calving season cattle were moved to dry lots due to 
low nutrient content of the pasture. Com silage and hay were made available firee choice and 
females were observed at 12-hour interval for estrus detection. Replacement heifers were 
bred as yearlings. Fall calving at McNay was practiced until the 1986 season and starting in 
1988 dams were bred to calve in spring. 
Selection criteria 
Crossbred bulls were selected at an average age of 160 to 200 days based on weaning 
index equations that included weight and hip height adjusted for age of dam and calf age. 
Index equations used in the respective lines were; 
Small: (X. - X.) - 5(X, - X,) 
Medium: |X.-X. 1 + 5|X,-X| 
Large: (X.-X.)+5(X,-XJ 
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Where, 
X, = adjusted weaning weight, 
= adjusted weaning hip height, 
X, = mean year-line-sex-location weaning weight, 
X^ = mean year-line-sex-location weaning hip height. 
Index equations were designed to increase general size in the large synthetics, 
decrease it in the small, and hold the medium synthetics as a control. That is, positive 
selection for weight was allowed in both small and large lines at the same time decreasing hip 
height in the small line and increasing it in the large line. A weighing factor of 5 was used to 
account for differences in variances of weight and hip height. The selected bulls within each 
line were used at both farms to provide exchange of genetic material. Dams were culled 
primarily for reproduction failure. The only exception to this was that in later years of the 
study dams were removed from the herd on the basis of generation. 
Data analysis 
Data used in this study were carcass records of progeny bom from 1978 through 1990 
at the McNay and Rhodes farms. Traits included were, hot carcass weight (HCW), 
longissimus muscle area (LMA), dressing percentage (DP), 12th - 13th rib fat thickness 
(FTK), and percentage of kidney, pelvice and heart fat (KPH). 
Initially data were evaluated using GLM procedure of SAS (1992) to determine 
important fixed effects to be used in the final evaluations. Accordingly, fixed effects of 
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slaughter age (covariate), birth year of progeny, sire breed group, age of dam (2,3,4, and 5 
years), location, random effects of sire within sire breed group, and all possible two- and 
three-way interactions were considered. None of these interaction were important (P > .05), 
and hence were dropped from the final model (Model-I). 
For most of the traits considered, the effect of sire breed group on carcass traits was 
important (P < .05). Therefore, in further evaluation of data (model-II), breed group effect 
was re-defined to include, average breed direct (g'), breed maternal (g*^), individual heterosis 
(h'), and maternal heterosis (h'**) effects (Dillard et al.,1980; Robinson et al.,1981). The 
coefficients used were fractions of genes contributed by each breed for additive direct and 
maternal effects. Crossbreed groups (mating types) designations and mean coefficients for 
breed direct, breed maternal, and average individual and maternal heterosis are given in 
Appendix A. Average heterozygotic loci was calculated according to Dickerson (1969) and 
Gallivan et al. (1987), and effect of epistatic interactions was assimied negligible. Model-II 
was based on the assumption that individual and maternal components combine additively, 
and that heterosis is linear with respect to the percentage of loci where the alleles originate 
from different breeds (Alenda, 1980; Marshall et al., 1987). 
The foundation cows had variable percentages of Holstein, Hereford, Brown Swiss, 
and Charolais breeding. However, in the latter years of the study progeny contained very 
small proportions of these breeds. Therefore, in the final evaluation, breed fractions other 
than Jersey, Angus, and Simmental were added and put in a separate column to represent the 
average effect of the remaining breeds (RB). The RB solutions were restricted to zero. 
Therefore, direct and maternal breed effect solutions for Jersey, Angus, and Simmental were 
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deviations fi-om RB solutions. In this particular study the main interest was ranking Jersey, 
Angus, and Simmental breed effects on carcass traits. Therefore, unbiased estimators of 
breed effect differences were obtained from linear contrasts of the solutions in the respective 
lines. 
All carcass traits were evaluated based on a four-trait animal model. That is, in each 
analysis two of the five carcass traits were analyzed together with weaning weight (WWT) 
and weaning hip height (WHT), resulting in a total of 10 separate analysis per line. 
Model II 
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Where, 
Y, = vector of observations for weaning traits, 
Y, = vector of observations for carcass traits, 
X, = known incidence matrix relating fixed effects to vector of observations for 
weaning traits, 
= known incidence matrix relating fixed effects to vector of observations 
for carcass traits. 
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b, = unknown vector of fixed effects for weaning traits, including birth year of progeny, age 
of dam, sex of calf, crossbreed group, location and sex* location, 
b, = unknown vector of fixed effects for carcass traits including birth year of 
progeny, age of dam, location, covariates of slaughter age, covariates of breed 
fractions in the animal and its dam, and fraction of heterozygotic loci in 
the animal and in its dam, 
Z\ = known incidence matrix relating random direct genetic (i = a), maternal 
genetic (i = m), and permanent environmental effects (i = pe) to vector of 
weaning 0 = w) and carcass (j = c) observations, 
= unknown vector of random direct genetic (i = a), maternal genetic (i = m), and 
permanent environmental (i = pe) effects for weaning (j = w) and carcass (j = c) traits, 
e, = unknown vector of random residual effects for weaning (i = w)and carcass 
(i = w) traits. 
The means of all random effects in the model were assumed zero and the following 
(co)variance matrix was assumed. 
«w <•? „(«,» w,c, ^(a,a) w,c. a,ni ®w,h 
"h';" n,c, h,Cj 
-(a,in) 
®h,w 
-(a,ni) 
< o2(a) c. c,,c. -(a,in) c,,w -(a.m) 
Ci 
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Where, 
= additive durect genetic variance for weaning weight(i = w), weaning 
hip height (i = h), carcass trait-1 (i = c,), carcass trait-2 (i = Cj), 
= maternal additive genetic variance for weaning weight (i = w) and 
weaning hip height (i = h), 
= the covariance between traits i and j for additive direct genetic effects, 
i , j= w,h,  C„C2, and i i^j ,  
= the covariance between maternal genetic effects for weaning weight (i = w) 
and weaning hip height (j = h), 
= the covariance between direct additive effect for trait i, i = w, h, c,, c,, and 
•'J 
maternal genetic effects for trait j, j = w, h, and i # j, 
^j(a.in) _ jjjg covariance between direct and maternal genetic effects for trait i, 
i = w,h, 
^j2(pe) _ pennanent environmental variance for trait i, i = w, h. 
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= the covariance between permanent environmental effect for weaning 
weight (i = w) and weaning height 0" = h), 
Og = residual variance for trait i, i = w, h, C„C2, 
= covariance of residual effects for traits i and j, i, j = w, h, c„ Cj and i ^ j. 
Two software packages were used to estimate genetic parameters. These were DMU 
(Jensen and Madsen, 1996) and MTDFREML (Boldman et al., 1993). Initially, parameters 
were estimated using DMU package. The choice of DMU was based on the relatively large 
number of parameters to be estimated in each run, and the relatively short time needed to 
attain convergence. 
DMU contains a set of standard FORTRAN 77 programs that can be used to analyze 
animal breeding data. Genetic parameters were estimated in a sub-program (dmuai) which 
uses average information REML algorithm. In each analysis convergence criteria and 
number of iterations were set to 1 x 10"' and 25, respectively. 
On the other hand, option 4 of MTDFREML program allows computation of linear 
contrasts between estimates and their standard errors. Therefore, mixed model equations 
were solved in MTDFREML program based on final parameter estimates firom DMU and 
linear contrasts between the necessary covariates were made. Solutions for breed direct and 
animal effects were used in the computations of breeding values as outlined in Van Vleck et 
al. (1992). 
BV,= SbiPi +U, 
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Where, 
BV^ = breeding value of animal X, 
Pi = the fraction of inheritance of an animal X from breed i, 
bj = solution for the i"* direct breed effect, 
Ux = solution for the additive genetic value of animal X as a deviation from its breed group 
effect. 
Mean breeding value (MBV) was calculated for animals and their sires (weighted by 
the number of progeny) by year and genetic trends were computed as a regression of MBV 
on birth year of a calf. Also, mean phenotypic values and year solutions were regressed on 
birth year of progeny to determine phenotypic and environmental trends, respectively. 
Results and Discussions 
The number of carcass observations used in the present study and other simple 
statistics are shown in Table 1. For all the traits considered, the largest number of 
observations came from the small line followed by the medium synthetics. The limited 
number of observations in the large line may be due to a continued reproductive problem in 
this line that was observed in the earlier years of the study (Buttram and Willham, 1989). 
Cattle in the large line showed heavier carcasses and larger LMA than the remaining 
lines. On the other hand, the largest FTK was measured in the small line. Coefficient of 
variation values for LMA suggests a nearly similar variability of the trait across all lines. 
However, the variation for HCW and DP was relatively high in the small line, while FTK and 
KPH measures showed a relatively high variation in the large line. 
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Evaluation of crossbreeding parameters 
Breed direct and maternal effects. The results from model-II evaluation of data are 
shown in Table 2. Values shown are average effects from the different four-trait analyses 
conducted in each line. The direct effects of Jersey (g'j), expressed as a deviation from 
Angus direct effects (g'^), was negative and different from zero (P < .01) for HCW, LMA, 
and FTK but was positive (P < .05) for KPH. Except for HCW, differences in breed maternal 
effects (g'^) between the two breeds were not important (P > .05). 
The ranking in breed direct effect between Angus and Jersey breeds in the meditim 
line remained the same as in the small line. Simmental direct effect (g'^), expressed as a 
deviation from g a, was positive (P < .05) for LMA and negative (P < .05) for FTK. 
However, g'j deviations from g's , were important (P < .05, P < .01) for all traits except for 
FTK. With the exception of the positive differences between g" and g'^s (P 05) for LMA, 
breed effects in the dams for all carcass traits were not different from zero (P > .05). In the 
large line, g's expressed as a deviation from g a, was positive (P < .01) for HCW, LMA, and 
negative (P < .05) for FTK. 
The results of the present study could be put in a much better perspective by 
comparing crossbreeding parameters across lines. In the evaluation of data from crossbreed 
cattle, the magnitude and direction of breed direct and breed maternal effects as well as their 
relationship to each other depends on the breeds evaluated (Koch et al., 1983). The results of 
the present study showed a high additive genetic value of the Simmental breed for weight 
related carcass traits. Angus, on the other hand, had intermediate effects on weight-related 
traits but ranked the highest for FTK. Jersey showed the lowest additive genetic effect for all 
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the above traits. This implies that the Siitunental breed, if used with Angus and Jersey in a 
crossbreeding program, would increase HCW, LMA, and decrease FTK. Similarly, the use 
of Jersey together with Angus and Simmental would decreases all traits except KPH. 
A comprehensive evaluation of Angus, Simmental, and Jersey breeds at age constant 
basis is found in Koch et al. (1983). When expressed as a deviation from g'^, g; was 
negative (P < .05) for HCW (-49.9, kg), FTK (-.95, cm), and positive (P < .05) for KPH 
(3.7%). Also, g's deviations from g^, were positive (P < .05) for HCW (32.7 kg), LMA (13.1 
cm^) and negative (P < .05) for FTk (-1.34 cm). Linear contrast between g; and g's showed 
negative values for HCW (-82.6 kg), LMA (-21.2 cm^) and positive differences (P < .05) for 
FTK (.39 cm) and KPH (3.8 %). Similarly, earlier reports showed important g' differences 
for HCW, LMA, FTK (Gregory et al.,1978; Peacock et al., 1979, 1982; Alenda et al.,I980), 
and for KPH (Gregory et al., 1978). 
Few instances have been reported regarding the importance of breed maternal effects 
on carcass traits. Based on a diallel mating involving Simmental, Limousin, Polled Hereford, 
and Brahman cattle, Comerford et al. (1988) reported important (P < .01) maternal effects of 
Limousin for HCW (9.00 kg) and of Sinunental for FTK (.12 cm) and DP (.52%). DeRoim 
et al. (1992) reported important maternal additive effects of Charolais (16.7 kg) and 
Hereford (-16.5 kg) for HCW. However, in agreement with the present study, several reports 
(Gregory et al., 1978; Alenda et al., 1980; Koch et al., 1983, Marshall et al., 1987) have 
reported a limited role of breed maternal effect on carcass traits. 
Average individual and maternal heterosis. For all traits considered in the present 
study, effect average individual heterosis effect (h') was not different from zero (P > .05). In 
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an experiment involving Hereford, Angiis, Jersey, South Devon, Limousin, Charolais, and 
the Simmental breeds, Koch (1976) reported an important (P < .05) effect of mean individual 
heterosis on HCW, LMA, FTK, and KPH, when data were analyzed at an age constant basis. 
However, such differences were not significant when data were adjusted to a common carcass 
weight. Similar results were reported m subsequent evaluations (Gregory et al., 1978; Koch 
etal., 1983). 
Mean heterosis effect in crossbred dams (h*^) was not important for all traits 
considered in the study. Koch et al. (1983) reported a significant (P < .05) h" for HCW (6.25 
kg), percentage retail product (PRP) (-1.8%), fat trim (2%), and KPH (.03%). However, 
other reports (Alenda et al., 1980; Marshall et al., 1987) suggested absence of an apparent 
advantage in using crossbred dams over purebreds. 
The expected difference among purebred cattle is calculated from the simi of g' and 
g"*^ (Koch et al., 1983). The expected difference between purebred mating of Angus, Jersey, 
and Simmental could be computed from the sum of the linear contrasts in Table 2. However, 
since g'differences are larger than differences in g", expected pure breed differences assumed 
the same rank and direction, and were often different from zero (P < .05) when ever g'was 
statistically important (data not shown). 
Genetic parameter estimates 
Heritabiliy estimates. Variances of direct genetic and phenotypic effects for carcass 
and weaning traits are shown in Table 3. Except for FTK and KPH, all carcass and weaning 
traits in the mediimi line had a larger <jI and a relatively smaller a] than those in the small 
and large line (data for not shown). As a result, values of these traits in the medium 
line were higher than the rest of the lines. Cattle in the medium line came from a much 
broader genetic base, including sires from more purebreds and crossbreed groups than that of 
the small and the large line. 
The h^ (direct) of WWT in the small, medium, and large lines were, .22, .43, and .13, 
respectively. Weighted means of 0.24 (Woldehawariate et al., 1977) and ,27 (Mohiuddin, 
1993) were reported based on extensive literature evaluations. Kootes et al. (1994) similarly 
reported a weighted mean h^ (direct) of .27. Estimates based on purebred Simmental data 
(Lee et al., 1998) showed an overall (direct) of .21; with a rage of. 17 in males to .26 in 
females. 
Heritability of HCW across lines ranged from .30 in the small to .52 in the medium 
line. Heritability estimate m medium line was in close agreement with reported values of .57 
(Shelby et al., 1963), .56 (Cundiff et al., 1971) and of .54 (Benysheck et al., 1981). However, 
Gregory et al. (1995a) reported values ranging from .20 in composite cattle to .34 in the 
contributing purebreds; which is closer to the present estimates in the small and large lines. 
Heritability of DP in the small line was closer to zero. Gregory et al. (1995a) reported 
a similar value of .08 in composite cattle, and .22 in the contributing purebred parents. Based 
on 13 different literature estimates, Kootes et al. (1994) reported a weighted mean h^ of .39 
(± .021); closer to the current result for the mediimi line. 
Mean h^ estimates for LMA were, .21, .33, and .17 for small, medivim and large lines, 
respectively. Based on data from crossbred progeny of Angus, Hereford, and Shorthorns, 
Cundiff et al. (1971) provided a relatively large estimate (.41), for data analyzed at an age 
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constant basis. However, for data evaluated at a weight constant and at an age-weight 
constant basis the authors reported a h^of .32. Similarly, Gregory et al. (1995a) reported a h^ 
value of .35 in the composite cattle, as compared to .17 in their purebred parents. 
Heritability estimates of .39 for fat thickness in the composite cattle (Gregory et al. 1995a) is 
closer to the mean value of .34 in the small line. However, a much larger estimate of .50 to 
.53 (Cundiff et al., 1971) and of .57 (Dinkel and Busch, 1973) were reported in the crossbred 
and grade Hereford steers, respectively. 
Genetic and environmental correlation. Genetic and environmental correlations 
between carcass and weaning traits are shown in Tables 4,5, and 6. In all lines weaning 
growth traits often showed a strong genetic correlation with HCW and LMA. This suggests 
that selection for increased WWT and WHT leads to large carcasses. Genetic associations 
between carcass and weaning traits in the mediiun line were often larger and followed the 
same direction as in the small and large line, except for the correlation with DP. 
Although heritability of carcass traits ranged from moderate to high, the low genetic 
association for most of these traits with weaning traits suggest that selection based on WHT 
and WWT may not be an effective tool towards bringing a measurable genetic change in 
carcass traits. High response to selection has been suggested as one of the possible 
advantages of composite cattle. This assumption was based on the expected high genetic 
variance in composite cattle, and a better selection intensity resulting from increased 
reproduction rate (Cundiff et al., 1971; Dickerson, 1973; Gregory et al., 1982). Also, Kootes 
et al. (1994) reported high h^ estimates from crossbred data but indicated a possible upward 
bias due to dominance and epistatic interaction. However, comparison of the present results 
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with several reports on purebred data does not support the suggested high genetic variability 
in carcass traits. Similarly, Gregory et al. (1995 a,b,c) reported comparable genetic 
parameter estimates in composite cattle and the contributing purebred parent population for 
growth and carcass traits. 
Phenotypic, environmental, and genetic trends 
Phenotypic and environmental trends. Coefficients for the regression of mean 
phenotypic values and mean year solutions on birth year of progeny are shown in Table 7. 
Regardless of the line considered, there was an important increase (P < .10) in mean 
phenotypic values of animals for HCW, DP and KPH. However, differences in regression 
coefficients between lines were not different fi-om zero (P > .05). Mean phenotypic values 
and mean birth year solutions are given in Appendix B. 
The results show that during the last 12 to 13 years of selection mean predicted HCW 
of cattle increased by 33.4, 37.7, and 29.2 kg in the small, medium, and large lines, 
respectively. For DP the corresponding increase in the respective lines was 2.82, 2.95, and 
1.7%. On the other hand, mean KPH values have declined in all the three lines. 
The increase in mean phenotypic values seems largely due to an improvement in 
management quality over the years. Especially for HCW and DP the environmental trend 
was important (P < .05, P < .01) in all the three lines. Mean year solutions, deviated fi-om 
1978 are shown in Appendix B. Another important observation in this regard is the sharp 
increase in mean birth year solution during the last three years of the study. This is 
particularly more pronounced for HCW. The increase in mean year solutions could be due to 
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the changes made in the management of animals at McNay. Starting 1988, dams in McNay 
were bred to calve in spring. This seems to have a favorable impact on HCW, and to some 
extent on other traits. 
Genetic trend. Selection of sires based on weaning indices showed an important 
(P < .05) directional changes for some of the carcass traits. Table 7 shows the trend in mean 
breeding values (MB V) of animals bom during the study and the corresponding contribution 
of their sires. 
Sire genetic trend for HCW in the medium and large lines were opposite in direction 
and both were different from zero (P < .05). The annual genetic change for sires in the 
medium and large lines was .18 and .22% of the respective line means. However, since 
selection was limited to sires, the genetic trend for animals was not different from zero (P > 
.10). 
Considering the rates of genetic change irrespective of their statistical significance, 
sire regression coefficients in the small and medium lines were negative as opposed to the 
positive coefficients in the large line. This was expected based on the genetic correlation 
between HCW and the index in retrospect equations m the respective lines (Hassen and 
Willham, 1999). As illustrated in Figure 1, changes in MBV of animals at the earlier stages 
of the study were very unstable. The sharp increase in the MBV of animals in the medium 
and large lines in the year 1987 could be due to the small number of animals evaluated at 
Rhodes and some degree of confoimding with location effects. Becaxise, data in 1987 were 
exclusively from the Rhodes farm. 
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There was a significant (P < ,05) increase in MBV of animals for DP in the medixmi 
and large lines; but in the opposite direction (Figure 2). Another important observation is 
that the regression coefficients for animals in both lines were not only larger than sire 
coefficients, but for cattle in the large line coefficients of animals and their sires were 
opposite in direction. These results led to a further investigation of possible genetic changes 
in the dams. The results showed an important increase in MBV of dams in both the medium 
(.007 ± .017) and the large (-.023 ± .005) lines. Furthermore, a positive increase in sire MBV 
for DP was expected to have a similar directional influence on the dams. These results may 
perhaps indicate the effect of some degree of deliberate selection on the dams. According to 
Northcutt (1990), dams were culled based on reproduction and some additional selection 
practices were made at latter stages of the study. Furthermore, analysis of the same data in 
the large line showed a negative correlation between random direct genetic effect for DP and 
random maternal effects for weaning hip height 
Despite the important change in MBV of sires for LMA (P < .10, P < .05), the genetic 
trend for animals was not different from zero (P > .10). As Figure 3 demonstrates, MBV of 
animals in all the three lines did not show any departure from each other. When expressed in 
phenotypic standard deviation units, the rate of increase in sire MBV was - .007, -.018, and 
.016 SD /yr in the small, medium, and large lines, respectively. 
The genetic trend in FTK was important (P < .01) in the small and large lines. In the 
small line the large coefficient for animals than their sires was not expected, and it may be 
caused due to sampling error. The genetic correlation between FTK and HHT was large and 
negative. Therefore, the genetic covariance between FTK and the index in retrospect (Hassen 
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and Willham, 1999) in the small line and a negative for the large line, leading to an opposite 
directional change in MBV of animals for FTK (Figure 4). 
Mean breeding values of animals for KPH in the medium and large lines showed 
important (P < .01, P < .05) but opposite directional changes (Figure 5). These coefficients 
represented -.009 and .007 SD/yr in the respective lines. 
As described in the previous report (Hassen and Willham, 1999), selection practices 
were limited to sires, and the overall mean generation interval was 4.11 years. Considering 
the low genetic correlation between most of the carcass traits and weaning traits, and the 
relatively low selection pressure applied, the low correlated response for carcass in the 
present study is expected. 
Previous reports indicated a similarly low correlated response in carcass traits due to 
selection for growth traits. For instance, Koch et al. (1978) reported mean expected changes 
of .23, .08, and .20 SD for HCW, LMA, and FTK per SD of selection for WWT. A 20-year 
selection experiment on Angus and Hereford cattle for growth traits has brought no change in 
composition or marbling on an age constant basis (Koch at al., 1995). 
In order to come out of its declining market position, the beef industry should produce 
an end product desired by the consumer. As Cundiff et al. (1986) explained, genetic 
variability between breeds for most economic traits is comparable to the within breed 
variation. Hence, from the breeding side, such improvement could be achieved through 
rigorous selection practices and well-designed crossbreeding programs. The attempt should 
be to combine cattle breeds that match to specific local resources and allow production of 
high quality and consistent end product. However, experience teaches us that selection for 
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growth traits alone brings a slow rate of change in weight-related carcass traits and hardly 
any in compositional traits, including percentage retail product (Koch et al., 1995). 
Therefore, breeding programs designed to improve beef carcasses need to incorporate carcass 
information in an index. In this endeavor direct evaluation of breeding animals using 
ultrasound data can play a major role. For instance, selecting bulls based on an index that 
includes ultrasound data together with weaning information may help produce cattle with 
desirable carcasses at a given age. 
Implications 
There is a large difference in direct additive effect for carcass traits among breeds 
used in the beef industry today. Heritability values for most carcass traits range from 
medium to high. Hence, this vast genetic resource could be easily tapped to produce a leaner 
and more consistent beef through well-designed breeding programs. Section programs in the 
industry need to consider carcass information in selection decision in order to produce 
measurable genetic changes in carcass quality traits. 
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Table 1. Descriptive statistics for traits used in the study 
Traits® 
HCW DP LMA FTK KPH 
Small line 
n 1280 1043 1272 1273 1280 
Mean 280.21 60.15 76.23 1.08 2.62 
SD 37.51 3.13 9.19 .48 .68 
CV 13.39 5.20 12.05 44.58 26.00 
Inbreeding .037 
Medium line 
n 1075 905 1075 1071 1070 
Mean 317.18 60.65 81.30 .99 2.61 
SD 40.46 2.28 10.49 .40 .65 
CV 12.81 3.76 12.90 40.27 24.89 
Inbreeding .037 
Large line 
n 781 616 781 781 774 
Mean 354.37 60.89 84.22 .89 2.49 
SD 40.95 1.98 10.23 .43 .73 
CV 11.55 3.25 12.14 48.83 29.19 
Inbreeding .038 
"HCW = hot carcass weight, kg; DP = dressing percentage, LMA = longissimus muscle area, cm^; 
FTK = 12th - 13th rib carcass fat thickness, cm; KPH = percentage of kidney, pelvic and heart fat; 
WWT = weaning weight, kg; WHT = weaning hip height, cm. 
Table 2. Average breed direct, breed maternal and average heterosis effects on carcass traits in the three synthetic 
lines 
Traits' 
Contrast HCW DP LMA FTK mi 
or EiYect'' 
Small line 
BrgA -45.18+ 10.20** -1.90 ± 1.02 -10.06 + 3.05** -.593 ±.163** .456 +.219* 
14.15 ±7.01* .095 ± .779 1.98 ±2.21 -.053 ±.116 .008 ± .159 
h' 10.13 ±7.86 .166 ±.946 3.36 ±2.61 .000 ±.133 .391 ±.192 
hM 3.90 ±4.50 -.228 ±.577 -.498 + 1.52 .060+ .079 -.029 ±.113 
Medium line 
BrgA -80.78 ± 14.55** -3.33 ± .982** -8.38 ±4.13* -.557 ±.180** .994 ± .258** 
g'.-gA 19.29 ± 14.50 -.620 ±.981 13.79 ±4.08** -.538 ±.180** .446 ±.251 
g'j-g'. -100.07 ±14.12** -2.71 ± .925* -22.16 ±3.80** -.018 ±.169 .548 ± .225* 
g^-g^A 4.89 ±8,61 .430 ±.637 1.38 ±2.57 .019±.113 -.301 ± .165 
g"s-g"A -12.72 ±8.52 -.014 ± .633 -4.99 ± 2.54 .017±.lll -.224 ±.160 
gVs 17.61 ±9.50 .443 ± .702 6.37 ± 2.82* .002 ±.121 -.077 ±.179 
h' 4.81 ± 10.69 -.290 ± .788 2.82 ±3.37 .079 ±.145 .207 ± .223 
h"^ 7.31 ±6.35 -.009 ± .487 -2.63 ±2.00 .114 ±.009 .099 ±.133 
Large line 
g's-gA 36.26 ± 14.18** .599 ± .740 17.86 ±3.84** -.463 ±.176* .238 ± .316 
g^-g^A .642 ±8.831 -.816±.515 -2.02 ± 2.54 .119±.116 .075 ± .205 
h' 19.43 ± 14.59 -.129 ±.902 5.55 ±4.578 -.018 ±.205 .534 ± .346 
hM 11.46 ±7.87 1.166 ±.495 .549 ±2.490 -.088 ±.112 -.088 ±.188 
" HCW = hot carcass weight, kg; DP = dressing percentage, LMA = longissimus muscle area, cm^; 
FTK = 12*^ - 13th rib carcass fat thickness, cm; KPH = percentage of kidney, pelvic and heart fat. 
g'^ = direct Angus effect, g'j = direct Jersey effect, g'j = direct Simmental effect, g*^^ = breed maternal effect 
for Angus, g*^; = breed maternal effect for Jersey, g"s = breed maternal effect for Simmental 
Table 3, Variances and heritabilities of growth and carcass traits' 
Trait 
Small line Medium line Large line 
h^ h^ h^ 
WWT 181.80 818.6 .22 325.84 754.5 .43 108.83 852.8 .13 
WHT 8.69 24.67 .35 9.39 18.28 .51 5.37 26.68 .20 
HCW 286.19 949.9 .30 637.91 1224.5 .52 379.99 1225.66 .31 
DP .770 8.89 .09 1.40 3.99 .35 .519 2.93 .18 
LMA 15.56 73.21 .21 31.26 93.50 .33 15.10 91.79 .17 
FTK .062 .183 .34 .041 .141 .29 .054 .175 .31 
KPH .057 .371 .15 .025 .345 .07 .065 .368 .18 
'HCW = hot carcass weight, kg; DP = dressing percentage, LMA = longissimus muscle area, cm^; 
FTK = 12th - 13th rib carcass fat thickness, cm; KPH = percentage of kidney, pelvic and heart fat; 
WWT = weaning weight, kg; WHT = weaning hip height, cm; cr^ = additve genetic variance; 
<T^ = phenotypic variance; h^= heritability. 
Table 4. Genetic and environmental correlations between growth and carcass traits in the small line' 
Traits'* 
Traits WWT WHT HCW DP LMA FTK KPH 
WWT .3221.110 .264 ±.118 .014± .235 .336 ±.143 .222 ±.125 -.152 ±.173 
WHT .644 ± .028 .743 ± .058 .133 ±.198 .520 ±.099 -.412 ±.099 -.122 ±.137 
HCW .456 ± .028 .510+ .028 -.169 ±.241 .561 ± .089 -.194 ±.114 -.003 ±.135 
DP .066 ± .032 .038 ± .042 .321 ±.034 -.119 ±.281 .016 ±.184 .299 ±.220 
LMA .106 ±.032 .079 ±.041 .432 ± .030 .210 ±.033 -.278 ±.128 .003 ±.160 
FTK .012 ± .044 .079 ± .048 .219 ±.041 .056 ± .047 -.090 ± .044 .016 ±.184 
KPH .025 ± .032 -.020 ± .039 .031 ±.035 .384 ± .034 -.095 ± .033 .056 ± .047 
* values above diagonal are correlations between traits for additive genetic effects, and those below diagonal are 
environmental correlations. 
''HCW = hot carcass weight, kg; DP = dressing percentage, LMA = longissimus muscle area, cm^; so 
FTK = 12th - 13th rib carcass fat thickness, cm; KPH = percentage of kidney, pelvic and heart fat; 
WWT = weaning weight, kg; WHT = weaning hip height, cm. 
Table 5. Genetic and environmental correlations between growth and carcass traits in the medium line" 
Traits'* 
Traits WWT WHT HCW DP LMA FTK 
WWT .661 ±.054 .7401.052 -.0951.124 .7251.066 -.1251.120 -.3481.185 
WHT .5961.034 .7271.048 -.1071.117 .6191.067 -.1551.122 -.4181.175 
HCW .4651.039 .2751.051 .1571.104 .7291.057 -.061 1.110 -.1901.184 
DP .1691.060 .201 1.062 .6661.050 -.0421.130 .021 1.132 .1961.325 
LMA .1431.048 .0861.052 .3951.042 .3741.043 -.0721.117 .0031.193 
FTK .0821.053 .0531.055 .1541.048 .1091.070 -.1761.051 .021 1.132 
KPH .1471.050 .1801.054 .1931.049 .141 1.049 -.091 1.036 .1091.070 
' values above diagonal are correlations between traits for additive genetic effects, and those below diagonal are 
environmental correlations. 
''HCW = hot carcass weight, kg; DP = dressing percentage, LMA = longissimus muscle area, cm^; 
FTK = 12th - 13th rib carcass fat thickness, cm; KPH = percentage of kidney, pelvic and heart fat; 
WWT = weaning weight, kg; WHT = weaning hip height, cm. 
Table 6. Genetic and environmental correlations between growth and carcass traits in the large line® 
Traits'* 
Traits WWT WHT HCW DP LMA FTK KPH 
WWT .231 ±.175 .289 ±.160 -.167 ±.235 .671 ±.162 .067 ±.184 -.362 ± .234 
WHT .583 ± .023 .410 ±.126 -.058 ± .203 .467 ±.163 -.515 ±.136 -.074 ± .204 
HCW .613 ±.032 .549 ± .034 .119 ±.201 .590 ±.122 .256 ±.146 -.019 ±.208 
DP .148 ±.045 .041 ±.049 .439 ±.044 .072 ±.241 .397 ±.184 .134 ±.237 
LMA .284 ± .035 .238 ± .040 .633 ± .033 .344 ± .046 -.102 ±.190 -.761 ± .206 
FTK .065 ± .047 .088 ± .046 -.080 ± .058 .052 ± .058 -.149 + 052 .121 ±.193 
KPH .052 ± .043 .151 ±.046 -.066 ± .050 .099 ± .058 -.014 ±.047 .291 ± .055 
° values above diagonal are correlations between traits for additive genetic eiTects, and those below diagonal are 
environmental correlations. 
''HCW = hot carcass weight, kg; DP = dressing percentage, LMA = longissimus muscle area, cm^; 
FTK = 12th - 13 th rib carcass fat thickness, cm; KPH = percentage of kidney, pelvic and heart fat; 
WWT = weaning weight, kg; WHT = weaning hip height, cm. 
Table 7 .Phenotypic, environmental and genetic trends for carcass traits in the three synthetic lines. 
Phenotype 
Environment 
Genetic 
Animal 
Sire 
HCW 
2.573 ± 1.066* 
2.434 ± .9^* 
-.103 ±.087 
-.159 ±.308 
DP 
Traits' 
LMA 
Small line 
.217 ±.045** -.004 ±.148 
.233 ±.049** .161 ±.19 
.001 ± .004 
.012 ±.005* 
.018 ±.018 
-.065 ± .030' 
FTK 
.027 ±.016 
-.000 ± ,01 
.009 ±.001** 
.003 ± .002 
KPH 
-.042 ±.021' 
-.039 ± .020 
-.001 ± .002 
-.006 ± .003' 
Phenotype 
Environment 
Genetic 
Animal 
Sire 
2.897 ±1.199* 
3.934 ± .893** 
.075 ± .145 
-.555 ±.182* 
Medium line 
.227 ± .050** -.006 ± .233 
.190 ±.057** .236+ .254 
.052 ± .009** 
.041 ±.019' 
.008 ± .027 
-.187 ±.071* 
.008 ± .012 
.019 ±.010 
-.001 ± .002 
.005 ± .003 
-.038 ±.019' 
-.033 ± .022 
-.006 ± .002* 
-.013 ± .007** 
Large line 
Phenotype 2.242± 1.234' .133±.072' .101 ±.153 -.012±.011 -.054±.027* 
Environment 5.198 ±.964** .209 ±.066* .391 ±.207' -.009 ±.010 -.046 ±.020 
Genetic 
Animal .141 ±.100 -.016 ±.004* .022 ±.375 -.002 ±.001* .005 ±.001** 
Sire .773 ±.328* .014±.009 .165 ±.063* -.004±.003 .006±.003 
'HCW = hot carcass weight, kg; DP = dressing percentage, LMA = longissimus muscle area, cm^; 
FTK = 12"* - 13th rib carcass fat thickness, cm; KPH = percentage of kidney, pelvic and heart fat. 
**values are different from zero (P < .01). 
*values are different from zero (P < .05). 
'values are different from zero (P < .10). 
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96 
Large Medium Small 
0.8 
0.6 
0.4 
0.2 
S -0.2 
-0.4 Birth year 
-0.6 
•0.8 
Figure 2. Mean breeding values of animals for DP by birth year of 
progeny. 
97 
1.5 
9 > 
U 
9i 9> 
fai 
0.5 
0 
i -0.5 
-1 
-1.5 
-2 
•Small Medium 
Birth year 
Figure 3. Mean breeding values of animals for LMA by birth year of 
progeny 
98 
0.15 
•Small -•-Medium -•-Large 
0.1 
E w 
0.05 
CQ 
OA 
•O w 
£ 
—1 
90 
ee <u 
-0.05 
-0.1 
Birth year 
-0.15 
Figure 4. Mean breeding values of animals for FTK by birth year of 
progeny. 
99 
0.15 
•Small •^^Medhim M Large 
9 
I Sfi 
w 
s 
-o.os 
-0.15 
Year of birth 
Figure 5. Mean Breeding values of animals for KPH by birth year of 
progeny. 
100 
Appendix A. Crossbreed group designation, coefficients for breed direct, breed maternal, 
and individual and maternal heterosis in the three synthetic lines. 
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Table Al. Crossbreed group (mating types) designation^ 
Sire X dam breed'' Line Code used 
J x X  Small M-11 
A x X  II  M-22 
AXx JX It  M-21 
Synthetics It  M-SYNl 
J x X  Medium M-11 
A x X  If  M-22 
S x X  ff  M-33 
AXx JX t l  M-21 
AXxSX t l  M-23 
SXxJX II  M-31 
SXAXx JXAX T 
JXSXxAXAX I M-SYN2 
Synthetics J 
A x X  Large M-22 
S x X  It  M-33 
AXxSX II  M-23 
AXSX X SXAX I It  
Synthetics J It  M-SYN3 
"Matings involving crossbred sires also include reciprocal crosses 
''J = Jersey, X = crossbreed dam, A = Angus, S = Simmental 
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Table A2. Coefficients for breed direct, breed raatemal, and heterozygotic loci in the 
small line. 
crossbreed breed direct breed maternal ave. hetrozygosity 
group Jersey Angus Jersey Angus Indiv. Mater. 
M-11 .516 .248 .036 .487 .90 .83 
M-22 .021 .650 .045 .315 .702 .875 
M-21 .257 .451 .253 .435 .795 .835 
M-SYNl .256 .470 .246 .468 .69 .733 
Table A3. Coefficients for breed direct, breed maternal, and heterozygotic loci in the medium 
line 
crossbreed breed direct breed matemal average heterozy. 
group Jersey Angus Simmental Jersey Angus Simmental Indiv. Mater. 
M-11 .50 .213 .135 0 
0 
.032 
.411 .163 .910 .853 
M-22 .016 .653 .069 .311 .138 .690 .895 
M-33 0 .248 .560 0 .496 .133 .885 .820 
M-21 .251 .451 .089 .253 .342 .090 .227 .828 
M-31 .250 .242 .313 .429 .196 .210 .900 .815 
M-23 0 .464 .330 0 .456 .347 .773 .760 
M-SYN2 .126 .448 .188 .105 .456 .218 .773 .775 
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Table A4. Coefficients for breed direct, breed maternal, and heterozygotic loci in the large 
line 
crossbreed 
group 
breed direct breed maternal average hetrozy. 
Angus Simmental Angus Simmental Indiv. Mater. 
M-22 .578 .121 .166 .250 .81 .910 
M-33 .191 .535 .382 .069 .930 .885 
M-23 .353 .342 .372 .359 .82 .70 
M-SYN3 .361 .320 .359 .325 .735 .778 
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Appendix B. Mean phenotypic values and mean birth year solutions for the three synthetic 
lines 
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Table B1. Means of carcass traits by year of birth of progeny in the small line® 
Traits" 
Year HCW DP LMA FTK KPH 
78 270.60 59.20 75.04 .92 2.84 
79 266.31 59.23 77.71 .91 3.06 
80 279.29 60.03 72.93 1.13 3.38 
81 258.66 59.07 77.28 .87 2.56 
82 267.50 58.61 76.10 .85 2.67 
83 282.60 59.62 75.00 1.06 2.45 
84 275.66 59.73 79.92 1.21 2.65 
85 284.31 60.78 78.16 1.11 2.45 
86 276.99 60.18 75.28 1.16 2.42 
87 260.67 74.74 .89 2.36 
88 283.59 60.73 77.51 .93 2.56 
89 324.94 62.08 76.19 1.70 3.01 
90 292.47 61.37 74.12 1.10 2.33 
"HCW = hot carcass weight, kg; DP = dressing percentage; LMA = longissimus muscle area, 
cm^; FTK = 12th - 13th rib fat thickness, cm; KPH = percentage of kidney, pelvic, and heart 
fat. 
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Table B2. Means of carcass traits by year of birth of progeny in the medium line® 
Traits 
Year HCW DP LMA FTK KPH 
78 326.61 59.64 85.71 .81 2.92 
79 298.69 59.75 80.88 .90 2.88 
80 308.85 59.86 78.88 1.28 3.15 
81 277.10 59.45 79.97 .76 2.76 
82 299.89 58.69 80.97 .82 2.53 
83 319.41 60.50 81.99 1.02 2.53 
84 312.06 60.83 86.33 1.15 2.62 
85 319.97 61.25 80.99 1.04 2.38 
86 313.22 61.49 77.97 1.07 2.37 
87 310.59 82.06 .96 2.46 
88 338.09 61.56 84.92 .85 2.52 
89 354.39 62.52 85.13 1.12 3.11 
90 327.30 61.11 78.08 .98 2.23 
^HCW = hot carcass weight, kg; DP = dressing percentage; LMA = longissimus muscle area, cm^; 
FTK = 12th - 13th rib fat thickness, cm; KPH = percentage of kidney, pelvic, and heart fat. 
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Table B3. Means of carcass traits by year of birth of progeny in the large line® 
Traits 
Year HCW DP LMA FTK KPH 
78 348.87 60.48 82.84 .90 2.79 
79 347.80 60.58 85.31 .94 3.10 
80 357.57 61.17 84.43 1.12 3.26 
81 316.78 60.55 83.00 .74 2.62 
82 329.61 58.69 83.54 .90 2.34 
83 352.51 60.11 83.03 .83 2.10 
84 345.60 59.80 86.50 .97 2.51 
85 365.33 62.21 83.61 1.24 2.29 
86 347.98 62.25 80.38 .93 2.22 
87 329.60 » 84.43 .72 2.14 
88 370.52 61.35 87.87 .73 2.43 
89 382.79 61.66 86.70 .83 3.04 
90 364.42 61.58 82.70 .83 2.00 
"HCW = hot carcass weight, kg; DP = dressing percentage; LMA = longissimus muscle area, 
cm^ FTK = 12th - 13th rib fat thickness, cm; KPH = percentage of kidney, pelvic, and heart 
fat. 
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Table B4. Solutions for birth year of progeny expressed as deviations from 1978 solutions 
for the small line^ 
Traits 
Year HCW DP LMA FTK KPH 
78 0 0 0 0 0 
79 28.583 -.016 2.730 -.119 .311 
80 24.363 .880 .872 .235 .522 
81 26.662 .198 .007 0 -.145 
82 6.908 -.583 1.704 -.052 -.048 
83 24.058 .454 .394 .099 -.306 
84 27.783 .838 7.164 .258 -.067 
85 27.569 2.262 3.794 .135 -.329 
86 15.066 1.448 -.851 .089 -.452 
87 9.767 , 4.362 -.061 -.313 
88 38.126 1.638 5.517 -.016 -.118 
89 57.96 2.830 1.858 -.061 .159 
90 39.866 2.334 1.049 .082 -.428 
"HCW = hot carcass weight, kg; DP = dressing percentage; LMA = longissimus muscle area, 
cm^; FTK = 12th - 13th rib fat thickness, cm; KPH = percentage of kidney, pelvic, and heart 
fat. 
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Table B5. Solutions for birth year of progeny expressed as deviations from 1978 solutions 
for the medium line® 
Year 
Traits 
HCW DP LMA FTK KPH 
78 0 0 0 0 0 
79 -15.46 -.362 -.713 .041 .250 
80 -.443 -.442 -2.986 .397 .592 
81 -21.21 -.069 -4.467 .012 -.029 
82 -17.402 -1.433 -1.372 .103 -.228 
83 1.770 .270 -1.439 .238 -.231 
84 4.593 .615 5.271 .427 -.070 
85 7.340 1.559 -.993 .316 -.321 
86 10.518 1.705 -4.710 .307 -.332 
87 .230 2.770 .263 -.152 
88 35.099 1.235 5.018 .122 -.161 
89 43.294 2.072 3.771 .400 .422 
90 20.741 .763 -3.194 .284 -.442 
3HCW = hot carcass weight, kg; DP = dressing percentage; LMA = longissimus muscle area, cm^; 
FTK = 12th - 13th rib fat thickness, cm; KPH = percentage of kidney, pelvic, and heart fat. 
Table B6. Solutions for birth year of progeny expressed as deviations from 1978 solutions 
for the large line® 
Traits 
Year HCW DP LMA FTK KPH 
78 0 0 0 0 0 
79 15.617 .258 3.073 .105 .416 
80 38.372 .991 6.462 .210 .583 
81 10.552 1.048 .210 -.134 .114 
82 14.849 -1.003 2.784 .095 -.168 
83 32.719 .256 3.113 -.058 -.565 
84 32.057 .083 7.269 .157 -.110 
85 51.536 2.799 4.692 .391 -.355 
86 36.504 2.761 1.065 .063 -.501 
87 33.414 8.168 -.064 -.402 
88 76.010 1.972 9.720 -.112 -.143 
89 76.347 2.113 7.860 -.021 .390 
90 59.099 2.148 3.326 .009 -.585 
^HCW = hot carcass weight, kg; DP = dressing percentage; LMA = longissimus muscle area, cm^; 
FTK = 12th - 13th rib fat thickness, cm; KPH = percentage of kidney, pelvic, and heart fat. 
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EVALUATION OF CARCASS, LIVE AND REAL-TIME ULTRASOUND 
MEASURES IN FEEDLOT CATTLE: I. ASSESSMENT OF SEX AND BREED 
EFFECTS"-* 
A paper published in the Journal of Animal Science^ 
A. Hassen, D. E. Wilson^, and G. H. Rouse 
ABSTRACT 
Carcass and live-animal measures from 1,029 cattle were collected at the Iowa State 
University Rhodes and McNay research farms over a 6-yr period. Data were from bull, 
heifer, and steer progeny of composite, Angus, and Simmental sires mated to three composite 
lines of dams. The objectives of this study were to estimate genetic parameters for carcass 
traits, to evaluate effects of sex and breed of su-e on growth models (curves), and to suggest a 
strategy to adjust serially measured data to a constant age end point. Estimation of genetic 
parameters using a three-trait mixed model showed differences between bulls and steers in 
estimates of h" and genetic correlations. Heritability for carcass weight, percentage of retail 
product, retail product weight, fat thickness, and longissimus muscle area from bull data were 
.43, .04, .46, .05, and .21, respectively. The corresponding values for steer data were in order 
of .32, .24, .40, .42, and .07, respectively. Analysis of serially measured fat thickness, 
longissimus muscle area, body weight, hip height, and ultrasound percentage intramuscular 
fat using a repeated measures model showed a limitation in the use of groAvth models based 
t Journal paper no. J-I7609 of the Iowa Agric. and Home Econ. Exp. Sta., Ames; E>roject 3436. 
^ This research was funded in part by the grant from the National Cattlemen Association. 
' Journal of Anim. Sci. 1999. 77:273-282. 
* To whom correspondence should be addressed 
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on pooled data. In further evaluation of regression parameters using a linear mixed model 
analysis, sex and breed of sire showed an important (P < .05) effect on intercept and slope 
values. Regression of serially measured traits on age within animal showed a relatively 
larger (62% to 98%) and a smaller root mean square error (.09 to 8.85) as compared to R^ 
( 0% to 58%) and RMSE (.31 to 67.9) values when the same model was used on pooled data. 
It was concluded that regression parameters from a within-animal regression of a serially 
measiu-ed trait on age, averaged by sex and breed, are the best choice in describing growth 
and adjusting data to a constant age end point. 
Key Words: Beef Cattle, Ultrasound, Heritability, Growth, Composition 
Introduction 
Several reports have emphasized the importance of real-time ultrasound (RTU) 
technology as a tool for measurement of carcass merit in beef cattle. Issues like accuracy and 
repeatability of RTU measures as well as effects of technician experience and machine type 
have been addressed elsewhere (McLaren et al., 1991; Perkins et al., 1992; Herring et al., 
1994). Similarly, Hamlin et al. (1995), Greiner et al. (1995), and Williams et al. (1997) 
reported a comparable predictive ability of live and RTU-based models to carcass equations 
for the prediction of percentage (PRP) and retail product weight (RPW). 
In a value-based marketing system, the viability of the beef industry will depend on 
the ability to produce a high-quality, consistent end product. This could be achieved through 
a clear understanding of lean and fat growth in various sexes and breeds of feedlot cattle. 
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Thus far reports on this topic are limited, not only in number, but also in scope, as they 
involve a single sex (Duello, 1993; Hamlin et al., 1995). 
Even though the need for the use of RTU technology is well established, there remain 
specific questions that need further investigation before its furthest application. Some of 
these include determining the best data collection strategy and knowing how to adjust data to 
the most appropriate end point. The objectives of this study were to: 1) estimate genetic 
parameters when carcass traits are collected from feedlot cattle of different sexes, 2) describe 
effects of sex and breed on growth and composition of feedlot cattle, and 3) determine the 
best strategy to adjust serially measured traits to a constant age end point. 
Materials and Methods 
Description of Data 
Data in this study included live and carcass information from 1, 029 cattle fed at the 
Rhodes and McNay research farms of Iowa State University (ISU). These cattle were part of 
a serial scan and serial slaughter project designed to evaluate sex, age, and frame size 
differences in carcass composition. Data in 1991 were from progeny of composite sires from 
the previous ISU beef breeding project. Breed composition of cattle in this project is 
described by Buttram and Willham (1989) and Northcutt et al. (1991). The rest of the data 
from 1992 to 1996 came from progeny of purebred Angus and Simmental sires with known 
expected progeny difference (EPD) and females from the old project. A detailed description 
of mating plans during the earlier stages of the project are given elsewhere (Hassen and 
Willham, 1994). 
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Progeny were bom in the spring (March-April), weaned in the fall, and started on feed 
ui November. Cattle were fed a diet containing com and com silage with a level of 
concentrate up to 85%, and slaughtered at three age end points. 
Cattle were ultrasonically scanned between the O"* and 13"* ribs three to five times for 
external fat thickness (UFAT) and longissimus muscle area (ULMA). Ultrasound 
measurements were made by a Beef Improvement Federation (BIF)-certified technician using 
an Aloka 500-V unit (Corometrics Medical Systems, Inc., Wallingford, CT) equipped with a 
3.5-MH2, 17.2-cm linear array transducer. The transducer was located laterally between the 
12"* and IS"* ribs on the right side of the animal after the scaiming site was determined by 
palpation. To establish good transducer-animal contact, the palpated area was clipped, oiled 
using vegetable oil, and curried until free firom dirt and then re-oiled for optimiun image 
quality. A detailed account of animal preparation is given by Duello (1993). With the 
exception of the first 2 yr, animal weights (WT) were recorded during each scan session. Hip 
heights (HT) and ultrasound-predicted percentage intramuscular fat (UPIMF) were measiu-ed 
on 200 progeny. 
Cattle were assigned to slaughter groups randomly within sire breed, with the first 
group being slaughtered at an average age of423 d; subsequent slaughters took place at an 
average interval of 25 to 30 d. During each slaughter, animals were transported to a 
commercial packing facility within the next 2 to 3 d after the last scan and slaughtered 
according to regular plant practices. Carcass traits measured were hot carcass weight 
(HCW); carcass 12"* to 13* rib fat thickness (CFAT); carcass longissimus muscle area 
(CLMA); percentage kidney, pelvic and heart fat (BCPH); and chemical percentage 
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intramuscular fat (CIMF). In all cases, hide pullers were used in the slaughter process. For 
more than 95% of the animals, CFAT values refer to the actual fat thickness measurements. 
However, for the remaining animals, where some part of the fat cover between the 12"* and 
IS* rib was removed, CFAT was estimated based on fat cover in other locations on the 
carcass. Percentage retail product (PRP) and retail product weight (RPW) were computed 
from the previously listed carcass traits using equations from BIF guidelines (BIF, 1996) and 
Epley et al. (1970), respectively. 
Statistical analysis 
Carcass data. Slaughter traits in this report included HCW, PRP, RPW, CFAT, and 
CLMA. Effects of sex and breed composition were studied using descriptive statistical tools 
and analysis of variance techniques (SAS, 1989). Initially, the model included fixed effects 
of slaughter age (covariate), breed composition (covariates), contemporary group (herd-year-
frame size), sex, age of dam, and all possible two-and three-way interactions. None of the 
interaction effects was significant, and hence, they were dropped from the final model. Age 
of dam effect was significant {P< .05) for HCW, RPW, and CLMA. Information from this 
analysis was used to produce the final model for evaluation of genetic parameters. 
Genetic parameters were computed using the three-trait mixed model 
"x, 0 0 ' 
1 o
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= 0 X^ 0 + 0 0 
"2 + 
UJ . 0 0 Xj L^J . 0 0 ^3- -^3- -^3-
where, 
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Yi = vector of observations for the i* trait, 
Xj = known incidence matrices relating fixed effects to the vector of 
observation for the i* trait, 
Zj = known incident matrices relating records for the i* trait to 
individual animal effects, 
bi = vector of fixed effects corresponding to slaughter age, breed composition, 
contemporary group, sex, and age of dam, 
otj = vector of random animal effects, and 
gj = vector of residual effects. 
Fixed effects considered for each of the traits were those that were important (P < .05) 
in the previous analysis of fixed effects. Means of a-, and C; are assumed zero, and the 
following variance-covariance matrix was assumed: 
.2 Aa. an Aa 
A a. 
012 
2 
«22 
0 0 0 
0 0 0 
0 0 0 
'<2 ^^^23 
«1 
«2 
«3 
^2 
L^3j 
where, 
A = Wright's numerator relationship matrix among all animals including parents without 
records, 
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O"- = additive genetic variance for the i"* trait, i = 1,2,3, 
G- = additive genetic covariance between traits i and j, 
"u 
A 
= environmental variance for the i"* trait, i = 1,2,3, 
Gf, = environmental covariance between traits i and j, and ®'j 
I = identity matrix. 
Genetic parameters were estimated for the overall data, for bulls and steers using 
derivative-free REML algorithm (Boldman et al., 1993). Data from heifers were not used in 
this part of the analysis due to small sample size. Initially, data were subjected to the REML 
procedure of SAS (1989), and variance estimates from this step and other literature reports 
were tried as priors. For each of the three-trait combinations, iterations were terminated 
when the variance of function values (-2 log A) of the simplex was less than 1 x 10 '. The 
output from the initial analysis was used as a prior for the next run. This process was 
repeated until the best simplex fimction value remained the same (3 significant decimal 
digits) in three consecutive runs. 
Serially measured traits. In a preliminary evaluation of serial measures, data were 
subjected to analysis of variance procedures by scan session. Data were analyzed according 
to a linear model including herd-year, sex, sire breed, frame size, sire vsrithin breed, and linear 
effect of age. The quadratic effect of age was not important (P > .05) for all traits in most of 
the scan sessions. Data from 1991 were not included due to a complete confounding of breed 
of sire and herd-year effects. The reason behind this analysis was to see whether or not fixed 
effects such as breed and sex have any influence on the growth of serially measured traits. 
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and if so, to see when during the feeding period such influences become apparent. This 
information is crucial in order to ascertain the need to develop growth (prediction) models by 
breed and sex classes. In addition, a repeated measures model was used to see if data pooled 
over the years describe growth more adequately than the regression of the same traits within 
an individual animal. 
Finally, regression procedures were used to characterize growth of serially measured 
ULMA, UFAT, WT, UPIMF, and HT. Regression analysis was made based on pooled data 
within sex and within breed of sire (Angus and Simmental), and within individual animal. In 
the evaluation of pooled data, two separate models were used. Model-I included a linear 
effect of age, and model-II included both linear and quadratic effects of age. However, in 
further evaluations of within-animal regressions, model-II was dropped because the quadratic 
effect of age proved insignificant. The significance of sex of animal and breed of sire was 
further investigated using analysis of variance procedures on the regression parameters 
generated from the within-animal regressions. 
Results and Discussion 
Total observations used in this analysis are depicted in Table 1. The number of 
slaughter groups ranged from a minimum of 1 in 1996 to a maximum of 4 in 1994; both at 
the Rhodes farm. In most years, there were a total of five scan sessions. The exceptions to 
this were in 1993 and 1996, again both at the Rhodes farm, which are represented by four 
scans. The sixth scan in 1994 represented only 20 animals, and in some of the analyses, data 
from this session were not considered. There was an adequate distribution of observations by 
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sex (bulls and steers) over the years, but data from 1992 represented steers only, and heifers 
were only represented in the last 2 yr of the study. 
Carcass data 
Least squares means of slaughter data by sex are given in Table 2. Bull carcasses 
were heavier, leaner (? < .05), and had a larger CLMA (jP < .05) than those of steers. Heifers 
had lighter HCW {P < .05) and RPW (JP < .05) than bulls and steers. Steer progeny had the 
highest {P < .05) CFAT and the lowest (P < .05) PRP. The few number of observations has 
caused the SE of heifer means to be almost three times as large as those of bulls and steers. 
Therefore, direct comparison of heifer results with bull and steer results may be limited. 
Differences in breed solution (Simmental minus Angus) from MTDFREML 
procedures are shown in Table 2. The breed composition of animals was included as a 
covariate, and therefore, as Van Vleck et al. (1992) explained, solutions in this model 
represent breed effect for the respective traits. The results indicate the importance of breed 
direct effect on carcass traits involving Angus and Simmental breeds. The differences 
suggest that, when expressed as a deviation from Angus solutions, the Simmental breed 
effect is large (P < .01) and positive for HCW, PRP, RPW, and CLMA, and negative for 
CFAT. This result is in agreement with Gregory et al. (1994a, b), who reported a higher 
performance {P < .05) of Simmental-sired progeny for PRP, HCW, and CLMA, but lower 
means (P < .05) for traits measuring degree of fatness, as compared to Angus progeny. 
Genetic parameter estimates from a three-trait analysis are depicted in Table 3. 
Results shown for the overall data, bulls and steers are means from the different three-trait 
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combinations. Genetic parameter estimates differed by a small amount from run-to-run. For 
instance, in the overall analysis of data, the standard deviation of heritability estimates in the 
different runs ranged from .001 (PRP) to .045 (HCW^. In the overall analysis, Wright's 
nimierator relationship matrix (A) contained 1,827 individuals, of which 914 had records. For 
the analysis computed by sex, A contained 1,086 and 911 animals for bulls and, steers 
respectively, with the respective 486 and 428 individuals with records. Furthermore, there 
were no inbred progeny in the data. 
An overall h^ of .33 for HCW found in this study is in close agreement with reported 
estimates by Gregory et al. (1995a) for steers in a composite population, but is higher than 
estimates of .23 and .20 reported by the same group of authors for steers of the overall and 
purebred data, respectively. However, the estimate in this study is smaller than several other 
reports, which ranged from .54 to .68 (Shelby et. al., 1963; Cundifif et al., 1971; Koch, 1978; 
Benyshek, 1981). Error variances were similar across sexes, and therefore, the difference 
between bulls and steers in h* for HCW is due to a higher additive genetic variance in bull 
(522.6 kg) compared to 322.97 kg for steer data. However, due to a small number of 
observations per sex, variance components were not subjected to statistical tests of 
significance. 
The h^ for the overall estimated PRP was extremely low as compared to previous 
estimates (Cundiff et al., 1964,1971; Dinkel and Busch, 1973; Benyshek, 1981; Lamb et al., 
1990). An error variance value of 5.01 kg for PRP in bulls is closer to the estimate for steers 
of 4.41 kg. However, the additive genetic variance for estimated PRP of steers was nearly 
seven times larger (1.40 kg) than those of bulls (.19 kg), leading to a relatively higher h^ 
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value of .24 for steers compared to a value of .04 for bulls. This estimate of h^ for steers 
favorably agrees vdth the reports of Lamb et al. (1990) and the average of the estimates in the 
reports of Cundiff et al. (1971), but is less than .4 (Cundiff et al., 1964), .66 (Dinkel and 
Busch, 1973), and .49 (Benyshek, 1981). 
The h^ of estimated RPW for overall data was .33; the same as the average of h^ 
values reported by Gregory et al. (1995a) for composite and purebred steers and is closer to 
.38 for Hereford steer data (Dinkel and Busch, 1973). Benyshek et al. (1981) reported a 
much larger difference in h^ estimate for RPW between steers and heifers, but the combined 
estimate of .45 is much closer to the h^ estimate of RPW for bulls in this study. 
Overall h" estimates for CFAT and CLMA were similar. However, there was a clear 
difference in estimates between bulls and steers. The estimate of h^ for CLMA in bulls is 
much closer to the overall estimate in the reports of Gregory et al. (1995a) and of Dinkel and 
Busch (1973) for CLMA adjusted to 272 kg HCW from steer data. 
Although the overall genetic correlation between HCW and PRP is closer to zero, the 
two traits showed a strong association that differed both in magnitude and sign when 
evaluated by sex. Previous estimates of genetic correlations between these traits for steers 
were negative but smaller in magnitude (Cundiff et al., 1971; Gregory et al., 1995a). Hence, 
our results imply that bulls with a good genetic makeup for HCW are likely to have more 
than average rank in PRP, while the opposite is true for steer progeny. In addition, genetic 
correlations between PRP and RPW showed a similar magnitude but were opposite in 
direction when analyzed by sex. 
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Regardless of sex difTerences, there was a strong positive genetic association between 
HCW and RPW. These estimates closely agree with reports of Cimdiff et al. (1971). 
However, Koch (1978) reported a much lower estimate (.80) for heifers in three lines of 
Hereford cattle. 
There is a general concern regarding differences in the estimate of genetic parameter 
by sex (Dolezal and Dikeman, 1995; Kriese and McElhermey, 1995; Wilson, 1995). Several 
previous reports also have shown these differences for carcass and production traits 
(Benyshek, 1981; Mohiuddin, 1993; Koots et al., 1994; Gregory at al., 1995b,c). In 
agreement with our results, some reports not only underscore differences in magnitude of 
estimates by sex, but also in their direction (Mohiuddin, 1993; Koots et al., 1994). However, 
to date, no conclusive reconmiendation exits regarding how to make best use of infomiation 
when data are generated from bulls, steers and heifer progeny. Kriese and McElhermey 
(1995) reported a higher estimate of genetic parameters when estimation is made by sex than 
when estimates are based on pooled data. Koots et al. (1994) stressed that whenever sex 
differences were important, males showed a lower h^ than females. The authors have 
suggested several reasons including differences in scaling of genetic variance and a high 
selection pressure often applied to intact males. On the other hand, Dolezal and Dikeman 
(1995) attributed these differences between bulls and steers to the higher amount of 
testosterone production in bulls. Regardless of the reasons, preliminary results perhaps do 
suggest the need to consider heterogeneity of variances. 
Results of this study suggest that selection for HCW, using data from steer progeny, 
would mcrease CLMA, CFAT, and RPW, but would reduce PRP. Based on data from the 
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Germ Plasm Utilization (GPU) program, Koch et al. (1995) suggested CFAT as a good 
indicator trait for lean percentage. The large and negative correlation between CFAT and 
PRP for steers confirms this strong pleiotrophic action among genes influencing these traits, 
signifying that selection against CFAT would be most efficient to increasing PRP. 
On the other hand, if data from bull progeny are considered, the same breeding 
objective as the above would increase CLMA and RPW. However, it also would result in an 
increase in PRP and a decrease in CFAT. That is, the same breeding objective is likely not 
only to result in a different rate of direct and correlated genetic change, but may also result in 
an opposite directional change in correlated response depending on the sex of progeny used 
as a source of information. Furthermore, the strong and positive genetic correlation between 
CLMA and PRP in bulls makes selection for CLMA a better alternative to selecting against 
CFAT to bring about a positive change in PRP. 
One most important point that needs to be considered in the interpretation of results is 
the few number of observations used in the present study. For instance, the genetic 
correlation between CFAT and CLMA in bulls in the present study is not given due to 
problems in the estimation of the genetic variance for CFAT. Evaluation of components of 
variances for these traits showed a similar genetic covariance in both bull and steer data. 
However, the extremely low genetic variance for CFAT in bulls seems to inflate the genetic 
correlation between these traits. 
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Serially measured traits 
Results of analysis of variance by scan session have revealed an important effect (P < 
.05) of sex for all measures. Shown in Table 4 are the least squares means and SE of serially 
measured traits for bulls, heifers, and steers. Bulls showed a lower (P < .05) UFAT than 
steers and heifers for all scan sessions. The initial difference of .1 cm between bulls and 
steers has tripled by the last scan. However, differences between heifers and steers for UFAT 
were not important (P > .05) for any of the sessions. 
Contrary to the trend in UFAT, bulls started with a large ULMA (P < .05) and 
consistently outranked (P < .05) steers and heifers for all scans. The initial difference of 1.40 
cm* between bulls and steers increased to 4.94 cm^by the last scan. Although steers showed 
a larger ULMA than heifers, except for the first scan, differences between the two sexes were 
relatively small (P > .05). Heifers were consistently lighter and had a shorter HT (P < .05) 
than bulls and steers. Even though bulls were heavier than steers in all scans, differences 
between them were not different from zero (P > .05). Bulls and steers did not differ {P > .05) 
in HT measures. With the exception of the first and the last scan, bulls had a consistently 
lower mean UPIMF (P < .05) than steers and heifers. 
Important breed differences were observed for UFAT and UPIMF for all scan 
sessions (P < .01) (data not shown). In all cases, Angus progeny showed larger UFAT and 
UPIMF values than Simmental progeny. On the other hand, Simmental progeny weighed 
more (P < .01) and recorded larger ULMA (P < .01) than Angus progeny, until these 
differences disappeared at the fourth (for WT) and fifth (for WT and ULMA) scans. Except 
for HT, the linear effect of age was significant (P < .05) in most scan sessions. 
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In contrast to reports of Hamlin et al. (1995), evaluation of repeated measures in this 
study suggested a possible difference in conclusion if pooled data are used to describe growth 
instead of within-animal regressions. The purpose behind this analysis was to see how well 
the regression of traits on age using data pooled over the years describes growth as compared 
to individual animal regressions. When pooled over all years and scan sessions, both the 
linear and quadratic terms of age showed an important effect (P < .01) on all serially 
measured traits. The single exception was for HT measures where the quadratic term was not 
different from zero {P > .05). Furthermore, with the exception of UFAT and UPIMF, there 
were significant {P < .05) effects of animal*age|j„o„ and animal*age,u3dn„jj interactions. The 
interaction terms suggest that the effects of age on the growth of these traits varies with 
individual animal, and hence, growth in these traits may not be adequately represented by a 
single equation generated from pooled data. In addition to analysis of the overall data, a 
repeated measures model was tried on data pooled within sex. However, interaction effects 
were still important. Therefore, regression of serially measured traits on age within animal 
may provide a better representation of mean growth. This result favorably agrees with 
reports of Duello (1993), who concluded that growth curves from the within-animal 
regression could better represent changes in growth and composition traits. 
In order to demonstrate differences between pooled and within-animal regressions, 
evaluations were made using both approaches. Parameters for the regression of serial 
measures on age pooled within sex are shown in Table 5. When a linear effect of age is fitted 
to the data (model-I), all regression coefficients and most intercept values were different from 
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zero (P  < .01 ,  P< .05). However, the slopes (bj and the values for UPIMF seem to 
suggest no linear association with age when the trait is evaluated by sex. 
Steer progeny showed a faster (P < .05) deposition of UFAT per day than bulls. 
Although steer regression coefficients were higher than those of heifers, these differences 
were not important (P > .05) due to a higher SE of heifer estimates. Unlike the trend for 
UFAT, steer ULMA grew at a slower (P < .05) rate per day than those of bulls and heifers. 
Heifers grew slower than bulls and steers in WT and HT. Test of intercepts from the pooled 
within-sex analysis has indicated important differences for UFAT and ULMA. The intercept 
for the regression of UFAT on age in steers was much lower (P < .05) than those of bulls. 
Similarly, the intercept for heifer ULMA was smaller (P < .05) than those of bulls and steers. 
When model II was fitted to the data by sex, except for UPIMF the quadratic effect of age 
(bq) was often not different from zero (P > .05). For all sexes, the quadratic effect of age on 
UPIMF was negative (P < .05), indicating that marbling in all sexes was leveling off. 
When data were analyzed by breed of sire ( data not shown), with the exception of the 
coefficient for UPIMF of Simmental progeny, regression coefficients for model I were 
different (P<.01) from zero. Angus-sired progeny deposited more fat per day (.00251 cm vs 
.00182 cm) and marbled faster (.0069% vs .0001%) than Simmental progeny. However, 
growth in ULMA was higher for Simmental progeny (.1442 cmVd vs .1329 cmVd). It 
should be noted that none of these differences in pooled regression parameters between sire 
breeds was unportant (P > .05). Quadratic effects of age were different from zero (P < .01) 
for UFAT and UPIMF when model 11 was fit by breed of sire. The results indicate that, 
while progeny of Angus and Simmental were depositing fat at an increasing rate, they were 
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both leveling off in marbling. The quadratic effect of age on WT was also negative (P <.01) 
for Sinunental sired progeny. The and RMSE of Model-I and II (Table 5) seem to 
suggest that no apparent advantage is gained by fitting the quadratic effect of age. That is, 
the quadratic effect of age is often not different from zero, and proportion of the total 
variance in the dependent variables accounted for by these two models is the same. 
Generally, evaluation of data based on pooled regression analysis suggests differences 
in growth and composition of feedlot cattle based on sex and breed. Different intercepts of 
sexes for UFAT and ULMA suggest that a better representation of growth in feedlot cattle 
can be made by describing growth within sex rather than based on growth curves pooled 
across sexes. On the other hand, the animal*age,inear and animal*agequaj„,j5 interactions in the 
within-sex evaluation of repeated measures need to be looked at seriously. 
Reports of both Duello (1993) and Hamlin et al. (1995) stressed the importance of 
breed or biological types on growth. However, neither author provided a sufficient statistical 
test of differences in regression parameters. In this study, preliminary results on sex and 
breed effects on the growth and composition were further evaluated using the method of 
analysis of variance. In this step, a regression of serially measured traits on age within 
animal (model-I) was run. Each animal was then represented by a single intercept and 
regression coefficient per trait, and these were evaluated according to a linear mixed model 
including fixed effects of contemporziry group (herd-year), sex, frame size, breed of sire, and 
random effects of sire within sire breed (SAS, 1996). Due to a complete confounding of 
breed of sire and contemporary group, data for 1991 were excluded. 
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Results for the above analysis of individual animal regression parameters are shown 
in Tables 6 and 7. Except for UPIMF and ULMA, there was an important (P < .01) effect of 
sex on the growth rate (bj of serially measured traits (Table 6). Bulls showed a lesser 
growth (P < .01) in UFAT than heifers and steers (Table 7). Heifers, on the other hand, grew 
slower (P < .01) in WT and HT than bulls and steers. Similarly, sex differences showed a 
significant effect on intercept for UFAT {P < .01). 
Unlike the results from the pooled analysis, breed differences showed a true 
difference (P < .05) in the growth (bj of UFAT and UPIMF measures (Table 6). Angus 
progeny deposited fat and marbled faster than Simmental progeny (means not shown). In 
addition, sire breed intercepts were significant {P < .Q\, P < .05) for all serially measured 
traits. 
Further differences between the two approaches (within-animal vs pooled) could be 
evaluated on the basis of and RMSE. For the pooled data, models I and II have accounted 
for 0% in UPIMF to a maximum of 58% in WT of the variation in the independent variables 
(Table 5). For the within-animal regression, the same models have accounted for a minimum 
of 62% in UPIMF to a maximum of 98% in WT. A similar trend was observed for RMSE. 
The use of the within-animal regression has reduced RMSE by a minimum of 44% to as 
much as 87% of the value when observations were pooled (Table 7). 
Another way of looking at the differences is to evaluate the magnitude and ranking of 
regression coefficients by sex. In most of the cases the within-animal regression coefficients 
are larger than values given for the same group (sex) from the pooled data. According to the 
results in the pooled data (model-I), bulls grew almost as fast as steers in HT and WT, and 
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accumulated UFAT at a slower rate. The same conclusion was reached when the within-
animal regression is used (Table 7), although regression coefficients for ULMA indicate re-
ranking of sexes. When averaged by breed of sire, parameters fi:om the within animal 
regression often showed a similar ranking of breeds, but the differences in the regression 
coefficients were larger and sometimes double (WT) the difference as compared to results in 
the pooled analysis. 
These results clearly indicate the importance of age differences in the growth and 
composition of feedlot cattle. However, regression parameters for the growth of ultrasound 
and live traits vary with sex and breed, suggesting a distinct difference in maturing pattern. 
The use of a single equation in this situation may give a fair ranking within a group (breed-
sex). However, this practice would undoubtedly reduce group differences and substantially 
affect individual animal ranks if applied to a population of diverse sex and breed 
composition. Therefore, these results provide strong evidence for the need to produce growth 
(prediction) models by breed-sex classes so that data can be better adjusted to a constant age 
end point. In this regard, regression coefficients fi-om the within-animal regression, averaged 
by breed-sex subclass, may provide a better alternative. 
Implications 
There exists a difference in breed direct effect large enough to make a choice between 
breeds for a specific breeding objective. The large genetic variation between individuals 
within a breed can be used to measure carcass traits and to make genetic improvement 
through selection. However, if ultrasound data are to be considered in genetic evaluation 
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programs, development of an appropriate age adjustment strategy and possible differences in 
variance components due to sex need to be considered. 
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Table 1. Number of animals used in the study by scan year, scan session, and sex 
Slaughter No. of Scan session Sex 
Year group scans 1 2 3 4 5 Bull Heife Steer 
r 
91 3 5 280 284 279 186 99 165 - 119 
92 3 5 103 109 106 70 33 - - 109 
93 3 4 112 117 74 38 - 52 - 65 
94 4 6 119 121 121 99 58 60 - 61 
95 2 5 191 191 190 186 151 89 41 61 
96 1-2 4-5 207 207 205 128 157 143 31 33 
Total - - 1,012 1,029 975 707 498 509 72 448 
Table 2. Least squares means of carcass traits and differences in breed effect 
Overall Least squares means Breed effect (Simmental minus Angus) 
Trait' mean Bull Heifer Steer Overall Bull Steer 
HCW, kg 329.83 ± 1.66 335.89 ± 2.25 289.56 ± 6.27' 332.80 ± 2.24 36.51 ±8.24** 41.98 ± 11.24*» 24.06 ± 12.40** 
PRP 64.19 ±.08 64.99 ±.14 65.08 ± .40 63.21 ±.14* 4.32 ±.48** 3.94 ± .60*^ 5.66 ±.99** 
RPW, kg 213.02 ±.68 217.50+1,17* 192.0113.28" 213.06+1.17' 28.20 ±4.52«* 30.83 ±6.24** 22.75 ± 6.45** 
CLMA, cm' 79.57 ± .27 81.43 ±.48* 77.98 ± 1.33 77.68 ± .47 13.42 ±1.75*» 13.90 ±2.50*» 13.52 ±2.35** 
CFAT, cm 1.06 ±.01 .94 ± .02 1.01 ±.06 1.19 ±.02' -.79±.008»» -.769 ± .009** -.915 ±.157** 
*HCW = hot carcass weight; PRP = percentage of retail product; RPW = retail product weight; CLMA = carcass longissimus 
muscle area; CFAT = carcass fat thickness. 
'•'"•'Least squares means in a row with different superscript letters are significantly different (P < ,05). 
** P< .01. 
Table 3. Heritability, genetic, and phenotypic correlation between carcass traits' 
Traits'" 
Traits h' HCW PRP RPW CFAT CLMA 
HCW 
PRP 
RPW 
CFAT 
CLMA 
-Overall-
HCW .33 .24 .99 .25 .76 
PRP .07 -.18 .21 -.74 .57 
RPW .33 .98 .04 -.36 .82 
CFAT .14 .17 -.82 -.01 -.30 
CLMA .15 .53 .52 .66 -.15 
HCW .43 .64 .99 -.94 .67 
PRP .04 .12 .69 -.31 .93 
RPW .46 .98 .07 -.88 .82 
CFAT .05 .11 -.78 
o
 1 NE' 
CLMA .21 .55 .53 .68 
--Steers 
-.13 
.32 
.24 
.40 
.42 
.07 
.24 
.98 
.24 
.51 
-.45 
-.03 
-.86 
.51 
.99 
-.65 
.02 
.64 
.25 
-.90 
-.09 
-.21 
.88 
-.18 
-.36 
-.25 
'Values above diagonal are genetic correlation, and those below diagonal are 
phenotypic correlation. SE of for the overall data were, .11 (HCW), .09 (PRP), 
.1 l(RPW), .09 (CFAT), and CLMA(.09). 
•"HCW = hot carcass weight, kg; PRP = percentage of retail product; 
RPW = retail product weight, kg; CLMA = carcass longissimus muscle area, cm^; 
CFAT = carcass fat thickness, cm. 
= not estimated. 
Table 4. Least squares means and standard error of serially measured traits by sex and scan session' 
Sex 
Scan session 
1 
Bull 
Heifer 
Steer 
Bull 
Heifer 
Steer 
Bull 
Heifer 
Steer 
Bull 
Heifer 
Steer 
Bull 
Heifer 
Steer 
.57 ±.01" 
.66 ±.02 
.67 ± .01 
62.98 ± .52" 
58.01 ± .93" 
61.58 ±.5r 
3.25 ±.16" 
3.95 ± 22^ 
3.66 ± .23''' 
.64 ± .02" 
.85 ± .04 
.771.01 
69.42 ± .60' 
66.14 ± 1.27 
66.34 ± 56 
448.49 + 4.45 
367.47 ± 8.65" 
441.0714.84 
503.3714.61 
424.61 ±8.13" 
494.2514.85 
122.721.84 
117.5111.08" 
122.891 1.07 
125.2912.02 
118.7812.03" 
126.4012.14 
3.41 ±.15" 
4.181.22 
3.931.21 
-UFAT, cm 
.761.02" 
.881.04 
.891.02 
—ULMA, cm^ 
76.561.57' 
72.331 1.02 
73.191.55 
--WT, kg 
531.6415.23 
445.22 1 9.00" 
525.0215.55 
~HT, cm 
127.761.82 
121.531 1.06" 
128.851 1.06 
•UPIMF 
3.431.16" 
4.43 1.23 
4.021.22 
.781.02" 
.991.04 
.981.02 
80.081.62" 
74.4211.20 
76.641.62 
564.03 16.66 
492.54113.48" 
561.0917.22 
130.711.98 
126.01 11.69' 
131.8711.27 
3.541.16" 
4.75 1.29 
4.25 1.25 
.781.03 
1.041.60 
1.031.03 
81.6211.01' 
76.7311.84 
76.6611.03 
590.3819.49 
508.07119.62* 
585.081 11.30 
133.521 1.01 
128.281 1.52' 
133.951 1.58 
4.05 1.70" 
4.991.71" 
4.551.74"-" 
IfFAT = ultrasound fat thickness; ULMA = ultrasound longissimus muscle area; WT = body weight; 
HT = hip height; UPIMF = ultrasound-predicted percentage intramuscular fat. 
"•"•'Least squares means in a column with different superscript letters are signiHcantly different (P < .05) 
Table 5. The regression of serially measured traits on age by sex (pooled data)® 
Model-P Model-Iic 
Intercept bt R' RMSE Intercept bt bq RM 
SE 
Bull 
Heifer 
Steer 
-.18 ±.07* 
-.40 ±.17* 
-.44±.06»» 
.002341.0002** 
.002901.0004* • 
.003481.0002** 
.09 
.18 
.22 
.31 
.23 
.31 
.35 + .620 
2.1311.51 
I.281.43** 
-.000291.0030 
-.009901.0076 
-.005441.0021* 
.0000031.000003 
.0000161.000009 
.000011 1.000003** 
.09 
.19 
.23 
.31 
.23 
.31 
Bull 
Heifer 
Steer 
17.07 ±2.04*» 
6.1615.67 
24.05 ± I.65** 
. 143271.0050** 
.I5441.0I38I^* 
.12001.0041** 
.30 
.37 
.34 
8.89 
7.95 
7.90 
.151 17.93 
140.09149.77** 
4.64111.02 
WT Ifo 
.22695 1.0882* 
-.522691.2504* 
.220321.0564** 
-.0001021.000107 
.0008471.000313* 
-.0001281.000072 
.30 
.39 
.34 
8.87 
7.84 
7.90 
Bull 
Heifer 
Steer 
-16.12120.67 
-28.371 1.16*» 
-46.84123.86 
1.3235 1.0514** 
1.15661.0822** 
I.39351,0592*» 
.36 
.58 
.44 
66.7 
38.72 
58.64 
-110.331 195.39 
-57.75 1286.68 
84.64 1 225.99 
HT cm -
1.79881.98216 
1.3073 1 1.4630 
.735351 1.1264 
-.0005941.00123 
-.0001911.00185 
.0008161.00139 
.36 
.58 
.44 
66.72 
38.85 
58.67 
Bull 
Heifer 
Steer 
94.01 12.58** 
89.87 i4.89»» 
96.3414.71 •• 
.083271.0065* • 
.07990 ±.0125* • 
.084881.0I19»» 
.25 
.27 
.33 
5.62 
5.22 
5.07 
100.92123.70** 
150.14 ±42.67** 
74.80 ± 42.74 
I ipiVfF 
.04781.1212 
-.23191 ±.2197 
.195481.2184 
.0000451.000153 
.0003991.000281 
-.0001401.000277 
.25 
.29 
.33 
5.62 
5.20 
5.08 
Bull 
Heifer 
Steer 
2.661.66* 
2.8911.16» 
1.8941.97 
.002261.0017 
.00453 1.0029 
.00391 1.0024 
.00 
.02 
.02 
1.43 
1.23 
1.04 
-24.91 15.92** 
-26.7819.976** 
-23.9418.41* 
.14391 1.0303** 
.158051.0503** 
.13655 1.0429** 
-.0001801.000038** 
-.0001971.000064** 
-.0001681.000054** 
.05 
.10 
.11 
1.40 
1.19 
1.0 
"UFAT = ultrasound fat thickness; ULMA = ultrasound longissimus muscle area; WT = body weight; HT = hip height; UPIMF 
ultrasound-predicted percentage intramuscular fat. 
'' = the linear effect of age. 
® bg = the quadratic effect of age. 
• P < .05, ** P < .01 
Table 6, Influence of herd-year, sex, and breed of sire effects on regression parameters 
Herd-year Sex Sire breed 
Trait' Parameter F" P > F  F P > F  F P > F  
UFAT Intercept 25.26 .0001 15.89 .0001 20.96 .0001 
bt' 16.24 .0001 24.70 .0001 32.52 .0001 
ULMA Intercept 84.91 .0001 3.00 .05 4.68 .03 
bt 66.61 .0001 2.36 .10 1.84 .18 
WWT Intercept 179.14 .0010 .00 .99 8.57 .005 
bt 90.01 .0010 8.04 .001 1.54 .22 
HT Intercept .89 .35 .48 .62 9.48 .004 
bt 1.69 .20 7.00 .001 2.47 .126 
UPIMF Intercept .28 .60 1.87 .16 11.10 .002 
K 2.96 .09 2.67 .07 12.33 .002 
•UFAT = Ultrasound fat thickness, cm; ULMA = ultrasound longissimus muscle area, cm^; 
WT = body weight, kg; HT = hip height, cm; UPIMF = ultrasound-predicted percentage intramuscular fat. 
•"F = calculated F-statistics. 
"b^ = the linear effect of age. 
Table 7. Least squares mean of regression parameters, mean R-square, and root 
mean square error values from within animal regression Analysis" 
Least squares means of regression Means 
parameters'" 
Sex Intercept+ SE b^lSE R^ RMSE 
UFAT, cm 
Bull -.26 ±.07" .00239 ± .0002" .76 .09 
Heifer -.71 ±.14 .00398 ±.0004 .77 .10 
Steer -.69 ±.07 .00388 ±.0020 .80 .10 
-ULMA, cm^ 
Bull 8.24 ±2.57 .16411 +.0064 .81 4.00 
Heifer 11.24 ±5.14 .14585 ±.0128 .87 5.50 
Steer 1.50±2.51 .17375 ±.0062 .79 4.33 
WT,kg 
Bull -78.79 ±9,17 1.4826 ±.0269 .98 7.98 
Heifer -80.41 ± 19.83 1.2779 ± .0545" .98 7.38 
Steer -78.38 ± 10.07 1.4682 ±.0292 .98 6.93 
HT, cm 
Bull 93.29 ± 1.79 .08531 ±.0044 .92 1.29 
Heifer 95.60 ±2.75 .06284 ± .0067" .88 1.15 
Steer 92.50 ±2.65 .08996 ±.0065 .87 1.68 
UPIMF 
Bull -2.21 ±1.00 .01422 ±.0028 .62 .16 
Heifer -2.65 ± 1.52 .01744 ±.0042 .72 .86 
Steer -5.24 ± 1.54 .02370 ±.0042 .67 .58 
"UFAT = ultrasound fat thickness; ULMA = ultrasound longissimus muscle area; 
WT = body weight; HT = hip height; UPIMF = ultrasound-predicted percentage 
intramuscular fat. 
''Least squares means within a column with different superscript are statistically 
significant (P < ,01). 
139 
SUMMARY 
Data in the present study came from two separate beef cattle breeding projects at 
Iowa State University. Data set-I included growth and carcass information of progeny in the 
small, medium, and large lines of synthetic beef cattle. Progeny were bom during the years 
1978 through 1990 at Rhodes and McNay beef research farms. This data set was used to 
evaluate selection practices in the three synthetic lines, to evaluate effects of some 
crossbreeding parameters on carcass traits, and to estimate genetic parameters and genetic 
trends for carcass traits. Data set-Il included carcass and serially measured live-animal traits 
collected over a 6-year period (1991 - 1996). Most of the data came from progeny of 
purebred Angus and Simmental sires with known expected progeny difference and females 
from a previous project. Data set-11 was used to study effects of sex and breed on growth and 
composition of feedlot cattle and to determine the best strategy to adjust serially measured 
traits to a constant age end point. 
The overall mean generation interval was 4.11 years. When averaged by line, 1.82, 
1.47, and 1.28 generations of selection were made in the small, medium, and large lines, 
respectively. Mean actual sire index differentials per generation were, 1.28, -.47, and .84a 
for the small, medium, and large lines, respectively. 
There was a significant (P< .05) difference in direct additive effect between Jersey, 
Angus, and the Sinunental breeds for most of the carcass traits considered. However, 
differences in breed maternal, average individual heterosis, and average maternal heterosis 
were not different from zero (P > .10). Heritability of hot carcass weight, dressing 
percentage, longissimus muscle area, fat thickness, and percentage of kidney, pelvic and 
heart fat in the small line were, .30, .09, .21, .34, and .15, respectively. The respective values 
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in the medium line were, .52, .35, .33, .29, and .07. Heritability values in the large line were 
in the order of .31, .18, .17, .31, and .18, respectively. Sire selection based on weaning 
indices showed an important (P < .05) genetic change for some of the carcass traits. 
The differences in direct additive effects suggest that a leaner and more consistent 
end product could be produced by using breed combinations. Furthermore, selection within 
synthetic cattle could be used to refine the end product to meet specific market conditions. 
However, meaningful genetic gain in leatmess could be achieved by including carcass 
information in selection decision. In this regard, the relative advantage of including 
ultrasound data in a selection index needs to be studied. A preliminary step in this regard 
could be the use of simulated data. Also, such studies need to consider restricting some 
reproductive traits to mitigate possible reproductive problems. Accurate evaluation of 
breeding cattle contributes to a faster genetic progress. Therefore, serially measured data in 
seedtock cattle need to be adjusted to the most appropriate end point so that next generation 
parents could be fairly ranked. In this regard, further evaluation of age and other end points 
as well as comparison of possible analytical procedures is need. 
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